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PESA’s Important Role un a Great I ndustry 


The annual convention of the Petroleum Equipment Suppliers Asso- 
ciation is being held during the month of June, and this provides an excellent 
opportunity for reflecting on the benefits that have come to the petroleum 
industry through the activities of this organization. Born 22 years ago for 
the purpose of writing a code for the oil equipment industry under NRA, the 
founders of PESA, upon demise of the Blue Eagle, decided to continue the 
organization as a means of further working with the national government 
whenever needed, and as a vehicle for member companies to work on mutual 
problems. 


The wisdom of continuing PESA has long since been demonstrated 
through two wars and interim periods of peace. 


So that no one may be misinformed as to the full scope of its member- 
ship, PESA is composed of manufacturers of drilling and production equip- 
ment, supply companies, and service companies. Interdependent in their 
activities and aims, these groups have worked as a team through PESA to 
improve efficiency in management, technology, service, and manufacturing 
for the one purpose of accelerating progress in the drilling and producing 
of oil. 


A prime factor in the accomplishments of this manufacture-supply- 
service group is the extremely high percentage of specially trained scientists, 
engineers, and technicians that it includes. The ranking is in the highest 
bracket among large industries. A survey shows the number to be more than 
9000, which includes research scientists, technologists, development engi- 
neers, metallurgists, technicians, and engineers of many kinds. 


Important as the organization has been to its own membership, an 
accolade should be given for a more generous attitude: To serve the entire 
industry, not just its membership. An example of the sincerity of this position 
was the trained personnel made available to the Petroleum Administration 
for Defense during the war in Korea. Again, during this period of emergency 
there was great need for statistical data on the special needs for certain 
critical metals and materials. The monumental task of making such a survey 
was undertaken and successfully carried out by PESA. 


More recently the association has been engaged in a project to obtain 
statistics on consumption of raw materials by the oil industry. The work 
is being done for ACMO Division of the Business and Defense Service’s 
Administration, which will act as claimant agency in event an emergency 
again makes allocation of critical materials necessary. 


These are but a few instances of PESA’s work but they serve to indicate 
the extensive and important nature of its over-all activities in an industry 
whose development depends so greatly on the use of specialized equipment. 





We salute PESA on its forthcoming meeting at Banff Springs, Canada. 
FRANK H. LOvE. 
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How contractors 
hold costs on 
tough stretches 
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More footage per day 
is key to lowering costs 


40% faster stringer bead and hot- 
pass welding is reported by pipe 
line contractors using Lincoln 
“Shield-Arc SAE” engine-driven 
welders. Little wonder that “Shield 
Arcs” are preferred by contractors 
for 9 out of 10 jobs. 


Welds are dependable. Strong 
pressure-tight welds are easier to 
make. Operators can select the 
right type arc as well as the right 
arc intensity for each job. 


Rugged performers. Contractors 
know they can count on top welder 
efficiency, day after day .. . with 
minimum maintenance. 


LINCOLN SHIELD-ARC 


ENGINE DRIVEN WELDERS 
200-300-400 amp sizes 


tue LINCOLN ELECTRIC company 


Dept. 2803 Cleveland 17, Ohio 
The World’s Largest Manufacturer of Arc Welding Equipment 
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One billion dollars of new 
capital in Canada will be required in 
the next five years to develop oil and 
gas reserves, pipe line, refining and 
marketing facilities. This estimate 
was made by W. O. Twaits, of Im- 
perial Oil Limited, who also sug- 
gested that input of capital in oil ex- 
ploration should be expedited with 
little regard to short-term fluctua- 
tions in the demand for finished 
products. 
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Economical gas air-condition- 
ing systems will be on the market 
next summer in limited quantity ac- 
cording to Coleman Company, Inc. 
officials. Unit most likely to be ready 
for marketing next year will be pow- 
ered by natural gas internal combus- 
tion engine and will be designed with 
low operating costs and easy main- 
tenance in mind, manufacturers say. 
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Gasoline tax of four cents a 
gallon, instead of the present two- 
cent levy, has been suggested by Sec- 
retary of the Treasury Humphrey. 
Such a levy would go far in making 
the administration’s highway pro- 
gram “self-sustaining,” Humphrey 
declared, adding that the plan would 
“tie firmly together the expenditures 
on roads and the income which can 
reasonably be drawn from the users 
of the roads.” 
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Sunray Mid-Continent is get- 
ting set for a big exploration pro- 
gram with the recent lease assign- 
ment of some 105,000 acres in the 
Kenai Peninsula area, Alaska. The 
federal oil and gas rights were ob- 
tained by LeRoy H. Hines, a San 
Francisco petroleum consultant, act- 
ing for the company and a Cali‘ornia 
group. Other companies now holding 
acreage in the same area are Rich- 
field, Standard of California, Union, 
Ohio, Shell, and General American 
(Socony). 
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Sabotage to the oil industry 
has been assigned to 1700 of this 
country’s 22,000 Communists, a 
guide, “Disaster Planning for the Oil 
and Gas Industries,’ warns. The 
100-page report, prepared by the 
National Petroleum Council, out- 
lines a program to follow in case of 
atomic disaster, as well as for bio- 
logical and chemical warfare. Readi- 
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ness and proper security measures 
were suggested, although the book 
also warned that “there may be no 
time to prepare.” 
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Despite increased demand 
and completion of many new prolific 
producers, Louisiana will trim its 
June crude proration by 48,000 bbl 
daily. Low allowable pattern set in 
May by the Texas Railroad Com- 
mission will be even lower for June 
and July. June proration has been 
set for a 15-day schedule at about 
3,042,760 bbi daily, one producing 
day and 64,820 bbl per day less than 
the May allowed production. A 
lower flow, 2,975,541 bbl daily 
based on current production, will be 
permitted to Texans in July. A build- 
up of new wells in the coming month 
may raise this figure. 
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Natural gas prices in the 
Texas Panhandle have increased 
nearly 14 per cent during 1954, the 
state Railroad Commission has re- 
ported. Gas brought an average of 
8.7116 cents per 1000 cu ft during 
the last 6 months last year. Price of 


the gas a year earlier averaged 
7.6566 cents. 
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Cost of Living Comparison 
1954 vs. 1925 











Gasoline is your biggest bar- 
gain! According to a leaflet just re- 
leased by the American Petroleum 
Institute, the retail price of gasoline, 
less taxes, have increased only 7.3 
per cent since 1925. Taxes, however, 
rose 250 per cent. “Gone are the 
days of the dollar watch, the penny 
postal card and the $500 car, but 
what of the price of gasoline?” the 
leaflet questions. 





Digest of News and Comment 
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Sun Oil Company officers and 
crewmen of the tanker S. S. Louisi- 
ana Sun have been honored for a dar- 
ing sea rescue of three fishermen, in 
stormy seas early this year. Com- 
mandant of the United States Coast 
Guard, Vice Admiral A. C. Rich- 
mond presented a scroll and pennant 
on behalf of the National Safety 
Council and American Merchant 
Marine Institute to Sun Captain 
Jacob R. Lockwood for the feat of 
seamanship. 

kkk 


A special investigation to de- 
termine the adequacy of West Coast 
oil supplies in case of war, headed 
by Representative Herbert of Louisi- 
ana, will begin early in June. Study 
of the situation by a House subcon- 
mittee has been pushed by Repre- 
sentative Short of Missouri, and 
backed up by the House armed serv- 
ices committee. 


x & ® 


Colorado Supreme Court has 
ruled that the Colorado Oil and Gas 
Conservation Commission has ex- 
ceeded its authority by its order for 
reinjection of natural gas into the 
Rangely oil field. The court stated 
that the state legislature has power 
to legislate on such matters or to 
delegate the authority to the com- 
mission, which the body did not do 
in the 1951 law establishing its rules. 
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Congress will probe into exist- 
ing tax laws, and will focus attention 
on the present oil and gas depletion 
allowance. The study will be headed 
by Rep. Wilbur D. Mills (Arkansas) 
of the joint economic subcommittee. 
Although Mills has favored the de- 
pletion rate, actual work will be done 
by a group outside the industry. 
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Secretary of Interior McKay 
has named Harry W. Bass, Dallas, 
Texas independent oil operator and 
president of the Texas Mid-Conti- 
nent Oil and Gas Association, as his 
special aide for the Fourth World 
Petroleum Congress. McKay is an 
official U. S. delegate, with Texas 
Railroad Commissioner Ernest O. 
Thompson and Ambassador-to-Italy 
Clare Boothe Luce, for the Rome, 
Italy, international gathering June 
6-16. 
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"but [ thought you guys were 


just steel men!” 


@ At Youngstown we’re not only steel men. We’re 
pipe men, too. Our experience in the oil fields is 
first hand. We work with contractors. We know 
what they expect from drill pipe. We know their 
problems. And we produce quality drill pipe to 
meet those problems. 

Youngstown Drill Pipe is furnished in a wide 
range of finishes, shrink-type, welded and A.P.I., to 
fit the specifications of all tool joint manufac- 

YOUNGSTOWN turers. Our engineers will be glad to help you 
DRILL PIPE choose the string you need to give you the most 
hole for your dollar. Get in touch with your 
MARE FOR OM. MEN nearest Youngstown distributor. Or call your 
BY PIPE MEN nearby Youngstown District Sales Office. 


Dyte (ho) OW il DRILL PIPE 


THE YOUNGSTOWN SHEET AND TUBE COMPANY sion: Sites tnd Vcloy see! 


General Offices Youngstown, Ohio District Sales Offices in Principal Cities. 


SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE - OIL COUNTRY TUBULAR GOODS - CONDUIT AND EMT - 
MECHANICAL TUBING - COLD FINISHED BARS - HOT ROLLED BARS - WIRE - HOT ROLLED RODS - COKE 
TIN PLATE - ELECTROLYTIC TIN PLATE - BLACK PLATE - RAILROAD TRACK SPIKES - MINE ROOF BOLTS 
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Digest of News and Comment; 





Standard of Ohio raised retail 
prices on regular and premium grade 
gasoline a cent a gallon, bringing the 
price back to last year’s level in the 
Cleveland area. Price of heavy ma- 
rine diesel fuel has been cut eight 
cents a barrel at Atlantic and Gulf 
ports by Esso Standard. 
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Assistant Attorney General 
Barnes announced in recent testi- 
mony before a house sub-committee 
that no anti-trust clearance has been 
given to any oil company taking part 
in the Iranian oil consortium. The 
statement conflicts with news reports 
and a booklet published by Jersey 
Standard which said that American 
companies had been encouraged to 
participate and had been given an 
Official promise of immunity from 
anti-trust law prosecution. 
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Government has virtually com- 
pleted its sale of synthetic rubber 
plants with the cash receipt of $81,- 
595,072 for three Port Neches, Tex- 
as, rubber plants recently. The gov- 
ernment originally had 27 of the 
plants up for sale as surplus prop- 
erty. 
xk * 


Texas Gulf boundary is again in 
question, this time by the Interior 
Department which has recently asked 
for funds to survey the area. Al- 
though there is still a difference of 
opinion as to whether the line lies 
three geolographical miles or three 
marine leagues (about 10 miles) 
from the shore, the exact boundary 
must be done by survey methods. 
Coinciding with the Interior Depart- 
ment request is news that the Justice 
Department is winding up its study 
of the Texas and Louisiana bound- 
ary question, which is said to “leave 
room for lawsuits” over offshore oil 
ownership. 
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Socony Mobil Oil Company has 
been accepted as the new corporate 
name of Socony-Vacuum, and all re- 
fined products of the company will 
be marketed under the “Mobil” 
brand label. Since the merger of the 
Standard Oil of New York and the 
Vacuum Oil companies 24 years ago, 
the company has grown to be one of 
the largest producing and merchan- 
dising organizations in the world. 
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The Sunray and Mid-Continent 
merger, effective on May 16, estab- 
lished the new firm as the fifteenth 
largest domestic oil company, on the 
basis of fixed assets only. Figuring 
working capital also, the company 
would rank thirteenth. The merger 
is second only to the Socony-Vacuum 
union in 1932. 
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World’s most northernmost re- 
finery, located near Turku, Finland, 
will be constructed by American en- 
gineers. The refinery, which will 
process 18,000 bbl of Middle East 
and Black Sea area crudes, will be 
controlled by the Finnish govern- 
ment, under the firm of Neste Oy. 
The installation will supply a sub- 
stantial part of Finland’s petroleum 
requirements. 
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Domestic petroleum industry has 
been hurt “in varying degrees” by 
the continued increase in crude oil 
imports, according to a National Pe- 
troleum Council approved report 
made public recently by a committee 
headed by Jake Hamon. Extent of 
the detrimental effect is difficult to 
estimate due to fluctuating petroleum 
demand, inflation, lowered excise im- 
port taxes, and increased develop- 
ment outside the United States, the 
report notes. 
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Severe shortage of engineer col- 
lege graduates this spring has in- 
creased expected starting salaries to 
$400 per month and has forced com- 
panies to increasingly high-pressure 
recruiting programs. The 200 grad- 
uates of Columbia School of Engi- 
neering, for example, are being 
sought by 260 companies. Many 
students are being offered jobs for 
1956, 1957 and 1958. American 
industry needs 30,000 new engineers 
this year, and has only 21,500 grad- 
uates to fill the openings, according 
to a Columbia University release. 
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Legislation to decontrol prices of 
natural gas produced by independ- 
ents is expected to be approved 
shortly, according to Senate Leader 
Lyndon Johnson of Texas. Specific 
bill favored by Johnson has been of- 
fered by Sen. J. W. Fulbright of 
Arkansas; it is being processed by 
the Senate Commerce Committee. 
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‘‘Marked changes’’ in the refin. 
ing industry will be evident by 1965, 
according to A. L. Lyman of the 
California Research Corporation. B 
that time, Lyman predicted to a 
group of API refiners, Americans 
would be driving cars with gas tur- 
bine engines, demanding 100-octane 
fuel, and consuming over 11,000, 
000 barrels of petroleum daily. Pres- 
ent demand per day is about 7,000,- 
000 barrels. 
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Oil industry now ieads all other 
U. S. industries in granting “fringe” 
benefits to its workers, according to 
findings of an API survey just com- 
pleted. The survey numbered 1,650,- 
000 oil workers, representing an in- 
crease of 440,000 since 1946. One 
out of every 38 workers in the United 
States is now employed by the pe- 
troleum industry. 
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The United States Attorney Gen- 
eral has been appointed by the Sen- 
ate to act as watchdog for the Inter- 
state Oil Compact. Action came with 
the approval of a bill which requires 
the Attorney General to file an an- 
nual report determining any price- 
fixing or monopolistic intent of oil 
states using the agreement. The bill 
also granted a four-year extension 
of the compact. 
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lricon Agency, Ltd. has been 
formed by nine American firms to 
extend this country’s interest in the 
Iranian oil consortium to 14 com- 
panies. The new companies which 
will have crude production, refining, 
and exports rights in Iran include 
American Independent, Atlantic Re- 
fining, Hancock, San Jacinto Petro- 
leum, Signal Oil and Gas, Sohio, and 
Tide Water Associated. 
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In, 1954, Americans operated 
58,589,863 cars, trucks and buses— 
2,300,000 more than the year be- 
fore, according to a late Bureau of 
Public Roads report. To run this 
fleet, motorists used 44 billion gal- 
lons of gas and other fuel, with the 
states taking in almost $2,300,000 
in motor fuel taxes, discounting tax- 
exempt 6.2 billion gallons used for 
farm, aviation, industrial and gov- 
ernment usage. 












ie 
zy 
é 
, 3 


KOKORO MORO, 
i 


> 
RK 
ce wR oe RN 


SOW ON OL 


OG 


(NEF Fe - 


"et thao 








Partnors in Progners... 


The never-ending search for and development of new 

oil reserves is an essential ingredient of economic progress. 
Wherever you find activity in the business 

of oil, there also you will probably find financing 

by the Republic .. . the financial partner 


of Oil men everywhere. 
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NATIONAL BANK of Dallas 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 
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$60,000,000 
ARGEST IN THE SOUTH 
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The Financial Center of the Southwest 
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Petroleum Profile 











lr Walter S. Hallanan, president of 
Plymouth Oil Company, chairman of 
the National Petroleum Council, and a 
top-notch figure in national politics, 
followed the accepted pattern of a 
dynamic modern business executive, he 
would find frequent relaxation on the 
golf course, in a trout stream, at the 
bridge table, or on an occasional big 
game hunt in Africa. 

But Walter Hallanan is not one to 
follow a script written for him. He has 
not had golf clubs or playing cards in 
his hands for more than 25 years; he 
probably would not know a trout from 
a bass and the only big game he ever 
saw were in zoos and circuses. He does 
not even sit on a park bench. In short 
he is the despair of newspaper feature 
writers, who cannot get him within the 
focus of their pre-conceived notions. 
“I suppose I am old-fashioned,” Halla- 
nan said when asked about his hobbies, 
“but the only hobby I have is my job. 
I just work most of the time.” 

Most of his many jobs were under- 
taken with the understanding that the 
responsibility would be temporary 
but, once installed in any new position, 
he has become as frozen there as oil 
prices were during the war. 

When he became president of Ply- 
mouth Oil Company at the time of its 
organization in 1923, he had not the 
faintest idea that he would still be its 
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Walter S. 
Hallanan 


executive head 32 years later, or that 
under his leadership the small wild- 
catting enterprise would become a 
highly successful independent oil com- 
pany. 

Five years later he became a member 
of the Republican National Committee 
for what he thought would be a single 
four-year term. Today, 26 years after- 
ward, he is still the Republican Nation- 
al Committeeman from West Virginia. 
He is the vice chairman of the commit- 
tee and its second oldest member in 
point of service. Elected temporary 
chairman of the party’s National Con- 
vention in Chicago in 1952, he began 
the most permanent “temporary” chair- 
manship in the national political his- 
tory, presiding during three of the four 
days of convention sessions. 

When the National Petroleum Coun- 
cil was created in 1946 to undertake a 
trail-blazing experiment in the field of 
government-industry cooperation, 
members choose the tall West Virginian 
as their temporary chairman. Nine 
times since succeeding councils have 
unanimously re-elected him. 

Along the way, this gentleman 
picked up the presidency of the Big 
Lake Oil Company, the active vice 
presidency of Republic Oil Refining 
Company, Republic Pipe Line and Du- 
val Pipe Line Company, as well as di- 
rectorships in those companies and also 
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in Melben Oil Company, National 
Cylinder Gas Company and others, 
Walter Hallanan is the son of a Wes 
Virginia country doctor of the old 
school, who in 50 years of practice 
never sent a bill to a patient. It was 
natural that the young Hallanan should 
attend Morris Harvey College, a Meth- 
odist institution located in his .native 
Barboursville. He was graduated when 
14 years old and went to work as a cub 
reporter on the Huntington Herald: 
at 18 he was managing editor. 
When he was a lad of 13, Walter 
was a page in the West Virginia Leg. 
islature and there his inherited flair 
for politics quickly developed. In 1912 
he took leave of absence from his 
newspaper to handle publicity for Dr, 
H. D. Hatfield in the latter’s successful 
campaign for the governorship of West 
Virginia. The young managing editor 
never again returned to journalism. 
Dr. Hatfield appointed young Hallanan 
as secretary to the governor, the young- 
est man ever to hold that office in West 
Virginia. Less than four years later he 
became the most youthful holder of the 
office of State Tax Commissioner, in 
which position he served a six-year 
term. Soon after the conclusion of that 
service he was elected to the West 
Virginia Senate, in which as chairman 
of the powerful Finance Committee, 
he was one of the two majority leaders. 
It was while serving as State Tax 
Commissioner that Hallanan first de- 
veloped an interest in the oil business. 
He took a “flyer” on a wildcat well 
being drilled by the late Colonel A. E. 
Humphries of Denver, a West Virginia 
native. The well was a producer and 
Hallanan made investments in other 
operations of Colonel Humphries. 
Mr. and Mrs. Hallanan and _ their 
daughter, Elizabeth, live in Charleston, 
West Virginia, where the daughter is 
a successful attorney and a member of 
the State Board of Education. A son, 
W. S. Hallanan, Jr., lives in Pittsburgh, 
and is associated with Republic Oil Re- 
fining Company. The son and his wife 
are the parents of the three Hallanan 
grandchildren. Hallanan commutes be- 
tween Charlestown and Pittsburgh in 
a private DC-3 airplane, which he also 
uses in getting about over the country 
fulfilling speaking engagements and 
directing the affairs of his companies. 
“He can’t keep this up forever,” 
Hallanan’s associates frequently say. 
They have been saying the same thing 
for the last 20 years. 
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The Boltana well in the province of Huesca 
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Petroleum Achievements in Spain 


Mario Alvarez-Garcillan and Eduardo Recasens 


RATHER encouraging results have 
been obtained in Spain through scanty 
prospecting for petroleum reserves 
since the beginning of this century. 
This fact together with favorable 
results attained by some other Medi- 
terranean countries in recent years, 
is a good argument that exploring for 
oil in Spain is not a crazy business. 
Nevertheless, at this time Spain’s 
petroleum economics consists of prod- 
ucts and raw materials imported from 
abroad. 

It is the strategical situation of 
Spanish Territories that may give the 
country a special place in the inter- 
national traffic of petroleum pro- 
ducts. Spain, with its insular provinces 
and its African territories is a trans- 
atlantic crossroad and because of this 
geographic condition it might per- 
form, and in fact is beginning to, a 
particular role in the international oil 
business. 

_ Marketing of all petroleum products 
in the Spanish mainland and in the 
Balearic Islands is a government 
monopoly. This monopoly includes 
gasolines, middle distillates, and resid- 


ual fuel oils, which are imported and 
traded solely by a Government-spon- 
sored concern named Compafia Arren 
Dataria del Monopolio de Petroleos, 
S. A. (Campsa). Other products, such 
as lubricants, asphalts, paraffin waxes, 
etc., may be imported by private firms 
within certain regulations, provided 
the Monopoly has granted the neces- 
sary authorization. 

Until a few years ago, the Mon- 
opoly was the sole concern entitled to 
install and operate refineries in the 
areas covered by its jurisdiction, that is 
continental Spain and the Balearic 
Islands. Private firms, however, could 
operate in those territories juridically 
controlled by the Spanish Government, 


but not covered by the Monopoly 
These are the Canary Islands, Span 
ish Morocco, the territories of Ceuta 
and Melilla, and generally, all th« 
Spanish Possessions in Africa. During 
the last decade some changes have 
made the exclusive regulations less 
rigid so that private capital is nov 
allowed to operate refineries inside th 
monopolized areas, when in partne! 
ship with Government-supported con 
cerns. 

The foregoing gives a special chal 
acter to the oil business in Spain 
Development of oil is reported below 
in these divisions: 1. Prospecting and 
drilling; 2. Refining; 3. Markets, and 
4. Transports. 





After a brutal civil war and consequent political and eco 
nomic isolation, Spain is beginning to gain strength and hope 
Petroleum potential is promising enough to attract outside 
interests and refineries almost meet the country’s demand. Its 
geographical position makes Spain a crossroad in oil trade 
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1. PROSPECTING AND DRILLING 

Searches for natural petroleum re- 
sources in Spain have been carried out 
in three quite different stages. These 
differences may result from political 
and legal causes rather than for tech- 
nical reasons. 
First stage 

From the beginning of this cen- 
tury until 1936, when the Spanish Civil 
War broke out, is the first period of 
development. 

First wildcat in Spain was drilled in 
1900 near the little village of Huido- 


bro (province of Burgos). This hole, 
reaching 1600 ft in depth, was dry. In 
subsequent years, a total of 11 wells 
were drilled over the whole Spanish 
Territory. Of all these drillings, the 
Huidobro included, four gave abso- 
lutely negative results, four others 
showed petroleum traces, two pro- 
duced some gas and one had to be 
shut down owing to mechanical 
trouble. The deepest well was the one 
drilled at Gastiain (province of Na- 
varra) in 1952 (5300 ft). 

Almost the whole of the above 





E. Recasens Alvarez-Garcillan 


Eduardo Recasens began working in the 
Teneriffe Refinery in 1937 and remained 


an industrial engineer from the Barcelona 
School. During 1948 he spent several 
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three years. In 1947 he was graduated as 


months in the USA as a student in the 


Columbia University, visiting some of the 
major refineries and oil fields and later 
studying petroleum processing with the 
UOP staff. In 1949 Recasens resumed work 
with Cespa at the Teneriffe Refinery, then 
was promoted to headquarters in Madrid 
where he is assistant head of the Technical 
Department. 

Mario Alvarez-Garcillan was graduated 
as an industrial engineer in 1936 and in 
1939 he joined the Cespa staff, working at 
the Teneriffe Refinery for 2% years. He 
cooperated also in the construction of the 
Cartagena Refinery. Since 1949 he was in 
charge of Cespa's technical department in 
the Madrid office. During his 16 years of 
activity in the oil industry he has written 
many articles published in Spanish re- 
views and has presented papers in the 
International Congress. 


Panoramic sight of Cepsa’s Teneriffe Refinery showing the 











drillings were performed without pre- 
vious detailed geological studies. Not- 
withstanding, half of them gave some 
signs which in a way may be quali- 
fied as positive. 

In 1927 and 1929 respectively, the 
two first national petroleum firms 
having a real importance were founded 
in Spain. They were the already re- 
fered to Campsa and Compania Espa- 
hola de Petroleos, S. A., usually called 
Cepsa. 

Though Campsa was incorporated 
with private capital, its main purpose 
was to exploit, by legal concession of 
the Spanish Government, the recently 
created monopoly. 

Cepsa, when instituted, had the 
immediate and exclusive purpose of 
establishing crude oil properties in 
foreign countries which would feed 
the Spanish market ruled by Campsa, 
either with products refined by other 
concerns or through the refining opera- 
tions that Campsa would be able to 
perform at its own future Spanish 
refineries. Owing to the circumstances, 
this purpose was dropped as it will be 
seen. 

Among the goals to be attained 
when the Monopoly was established in 
Spain the most outstanding was that 
of developing domestic petroleum 
reserves. A good effort was made by 
Campsa to this end throughout the 
first years of its life. Simultaneously, 
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w Platformer and Udex unit operating since last February 


Cepsa realized the high interest this 
task involved and took preliminary 
steps to achieve prospection plans 
parallel and complementary to those 
of Campsa. To this end, by 1934 a 
geology staff jointly formed by Cepsa 
and Socony-Vacuum began a survey 
campaign in some Spanish areas in 
which preparatory geological studies 
were outlined. 

Unfortunately, the political circum- 
stances prevailing in Spain during the 
period 1929-1936, prevented proceed- 
ing with those works and consequently 
drilling operations were indefinitely 
postponed. 

Second stage 

From 1936 to 1953 the only active 
years were those between 1939 and 
1953. During the Civil War (1936-39) 
either with products refined by other 
concerns or through the refining oper- 
ations that Campsa would be able to 
all the Spanish economics were out 
of control. 

Taking as a basis the preliminary 
work performed in 1934, Cepsa and 
Socony-Vacuum incorporated in 1940 
a fifty-fifty concern named Compaiia 
de Investigacion y Explotaciones Petro 
Liferas, S. A. (Cepsa). The immedi- 
ate objective of this company was to 
undertake wildcatting at once, but 
Owing to restrictions resulting from the 
development of World War II, oper- 
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ations ceased and only in 1947 were 
finally carried out when the first 
modern drilling rig purchased in the 
United States arrived in Spain. 

Holes drilled, their depths, and final 
results attained during all those years 
are listed below: 


CAMPSA 
1947-49 Four small diameter ex- Burgos Traces in 


ploratory drillings with Wealden sands 
a@ maximum depth of 


2620 feet. i 
1949-50 Zamanzas No. 5 (4150 Burgos Traces 

eet oa 
1950-51 Dobro (5000 feet) Burgos Dry 
1951-52 Zamanzas No. 6 Burgos Impregnated 

Limestones 

CIEPSA 
1947 = Oliana (7600 feet) Lerida Dry 


1948 Burgo de Osma (7200 Soria Dry 


feet) 
1950 La Marina (5300 ft.) | Alicante Dry 
1951 Rojales (5200 feet) Alicante Dry 
1952-53 Boltana (7000 feet) Huesca Dry 


Third stage 

In December 1952 the Spanish 
Government passed a law by which 
exploratory rights in all Spanish Ter- 
ritories not yet bound to previous 
concessions, were reserved for Govern- 
ment-sponsored research plans. This 
meant no private companies should 
be granted further concessions and 
only those in Spanish Territories 
before December 1952 could operate. 

This law set up a very definite land- 
mark for prospecting in Spain and has 
created an uninviting situation to the 
firms which in late years courageously 


risk their funds in such a venturous 
enterprise as oil exploration. 

After this curtailment, Campsa has 
drilled no more. Cepsa has drilled the 
Boltafa No. 1 well, in an eocen¢ 
structure of the province of Huesca 
south of the Pyrinees. This drillins 
was abandoned after a depth of 700! 
ft with negative results. 

By late 1952 Ciepsa worked out 
sort of joint venture with the Germai 
firm Dielmann Bergbau to carry ou 
an important plan of seismic geo 
physical prospecting. This group has 
recently imported German-made dril 
ling equipment suitable for depths u 
to 13,000 ft. 

This Ciepsa-Dielmann  associatic 
is presently drilling at Zuniga (Nava 
ra) with its new equipment. -Mean 
while the Ciepsa’s old American 
is working at Apodaca (Alava). A 
team of Spanish and German geolk 
gists is now studying geologic 
tectonic features in Ciepsa’s conces 
sions. The seismic reflection equipment 
of Ciepsa-Dielmann is steadily wor! 
ing, and it is expected that in a shot 
time other similar equipment will 
imported from Germany. 

The Instituto Nacional de Indust: 
(INI) which is the Government-spo: 
sored concern which entered in th 
exploration field as a consequence « 
the 1952 law, incorporated in 
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Bunker station of Cepsa at the port of Centa, Spanish Morroco 


the company named “Valdebro” which 
was formed by INI subsidiary Em- 
presa Nacional Adaro jointly with a 
group of USA* firms. 

This company has carried out a 
geologic survey all over the Ebro Val- 
ley in the northeast of Spain, followed 
by a seismic survey which has been 
carried out by the American partners. 
This firm drilled the Marcilla well in 
Navarra, which reached a depth of 
11,200 ft with no positive results. In 
July 1954 the same company started 
exploratory drilling at Oncala (prov- 
ince of Soria) in order to investigate 
the Wealden and Jurassic formations. 

During 1954 Adaro has drilled 
another hole at Castelfrio (Soria) 
which was dry at a depth of some 
6000 ft. Always for exploratory pur- 
poses Adaro has drilled during 1954 
some wildcats in Baeza, Villanueva 
de la Reina, Bailén, Chiclana, etc. 
This firm is, by now, starting a new 
drilling in San Lorenzo (Cuenca) 
where a geophysics set and six geolo- 
gical crews are operating. By early 
March 1955, Adaro got some methane 
production in Ecija. The importance 
of this strike has not yet been made 
public. 

Besides the above mentioned con- 
cerns there is a series of small firms or 
groups taking advantage of some 
small concessions. Most of them are 
in Catalonia but in general all are 
inadequately fitted. 

It may be deduced from the fore- 
going that up to the present the oil 
operations in Spain are insignificant 
when compared with the campaigns 
in other European countries such as 
France and Italy. The fact is that in 
these countries oil development in a 
few months has surpassed what has 
been done in Spain in the last 25 years. 

Spain has always been ar oil-poten- 


*Including Caltex, General American. 


A-54 



























tial land. Besides a great number of 
seepages it includes in its territory 
the Ebro River geosyncline, which is 
considered to be one of the most 
important in Europe with its 60,000 
ft mesozoic and 15,000 ft marine 
tertiary. In geologic structures similiar 
to these in Spain, the Ragusa field in 
Sicily was discovered in 1954 and the 
Parentis well, close to the border 
between France and Spain, came into 
production recently. 

These two discoveries along with 
some other even more recent in Italy 
form a circle around Spain. Commenc- 
ing in the oil and gas fields in the 
south of France and in Italy, it extends 
through Sicily to Oran, Argel, French 
Morocco, and closes at Portugal with 
its small production at Torres-Vedras. 

It is evident that finding oil in 
Spain is only a matter of assiduity in 
the effort and exhaustiveness in geolog- 
ical and geophysical research. Associ- 
ation or coexistence of official and pri- 
vate interests in this field may prove 
useful when they support and compete 
with each other. Spain may be on the 
way to take a place among the Euro- 
pean oil producing countries. Most of 
its natural conditions appear to be 
favorable. 


2. REFINING 

As already explained, the main pur- 
pose of Cepsa’s creation in 1929 was 
based on the need to secure supply of 
raw materials for the petroleum indus- 
try to be subsequently developed in 
Spain. By that time, it appeared that 
Cepsa’s destiny would have to be 
limited to that of being only a crude 
oil seller in the Spanish markets. 

A few months after its foundation, 
Cepsa was compelled to extend its 
affairs to undertaking construction of 
the Teneriffe (Canary Islands) Refin- 
ery. In this way Cepsa was getting 





prepared to market products jp 
Spanish Territories free of monoply 
control (Spanish Morocco, Canary 
Islands and Spanish Guinea), in com. 
petition with foreign companies, main. 
ly American, which up to then had 
been the only suppliers for those areas, 

The Teneriffe Refinery was put on 
stream in 1930 with a nominal crude 
capacity of 5000 bbl a day, essentially 
consisting of a crude vis breaking unit 
with related auxiliaries such as tank 
farms, treating plant, power house, 
pumping stations, etc. During depres- 
sion years the products obtained in 
the refinery were sold with some 
difficulty in the Canary Islands and 
Spanish Morocco markets and also 
to the monopoly for the Spanish 
mainland. 

In 1936 the beginning of the Span- 
ish Civil War brought about many 
hardships to the country. The role of 
Cepsa in supplying petroleum products 
became more important in view of the 
fact that the majority of the foreign 
companies refused to continue supply- 
ing Spain. 

The end of the Spanish Civil 
War was shortly followed by the 
beginning of World War II, so dif- 
ficulties in petroleum supplies contin- 
ued. The situation became critical 
in many instances thus creating big 
problems in a Spanish economy 
already in trouble. To alleviate the 
situation the Spanish Government con- 
sidered it was necessary to install a 
new refinery on Continental Spain 
and consequently asked Cepsa’s tech- 
nical assistance to carry the project 
through. Cartagena, in the south of the 
Mediterranean coast of Spain, was 
selected as best location for the new 
refinery. Military events prevented 
completion of the refinery until the 
end of the war but the refinery had 
its auxiliaries nearly finished and ready 
to go, lacking only the main refining 
facilities. 

To complete and run the refinery 
a new private enterprise was formed in 
1949 with the name of Refineria de 
Petroleos de Escombreras, S. A. 
(Repesa). The capital stock of this cor- 
poration was contributed 52 per cent 
by INI, under Government control, 
another 24 percent by Caltex and the 
remaining 24 per cent by Cepsa. The 
new associated corporation could final- 
ly complete the refinery and put it in 
operation in 1950 with a nominal 
capacity of 5000 bbl a day. 

Moreover, the INI has _ recently 
decided to build a refinery in Puertol- 
lano, an inland town in the province 
of Ciudad Real. The capacity of this 
refinery will be 15,000 bbl a day and 
crude oil will be supplied through 
a pipe line from one of the nearest 
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The Almisante Vierna, right, 
15,000 tons dw tanker 
owned by Elcano. Below, 
55,000 dw tanker Ciudad 
Rodrigo owned by Cepsa 





























ports. To finance the refinery construc- 
tion the INI has obtained a credit in 
foreign currencies against a crude sup- 
ply contract from Caltex and Shell 
companies. 

Since their on-stream day, both the 
Teneriffe and Cartagena refineries have 
been expanded several times to in- 
crease capacity and modernize facili- 
ties. 

The Teneriffe refinery is at present 
producing all grades of petroleum pro- 
ducts ranging from light LPG fuels, 
through motor and diesel oils, kerosine, 
lubricants, paraffin waxes, fuel oils, 
etc., to heavy asphalts. The Cartagena 
refinery is commencing its lubricant 
manufacture and will consequently 
offer the same range of grades as the 
Teneriffe refinery. 

The overall capacity of these two 
Spanish refineries comes close to four 
million tons per year. With them the 
actual requirements of the Spanish 
markets for some products are amply 
covered. Such is the case for motor 
fuels and asphalts so there is no need to 
import any of them. 

A platforming and Udex unit was 
put on stream in the Teneriffe refinery 
in February. With this unit the quality 
of the gasolines offered by Cepsa to its 
markets has substantially improved. 
The platforming section of the new 
unit was the first one to be constructed 
outside the American continent and 
has been the fifth erected in Europe. 
The Udex section is the only existing 
one outside the USA and has been the 
fourth built in the world. 
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With these two in one unit Cepsa is 
now in a good position to produce and 
market aromatics, i.e. benzene and 
toluene, as raw materials for petro- 
chemicals. 

Repesa has also recently contracted 
for a platforming unit to be installed in 
the Cartagena refinery. After erection 
of this unit quality of motor fuels in 
Spain will be able to keep up with the 
present trends, at least for premium 
grades. 

It is very interesting to point out 
that owing to the strategical location of 
the Teneriffe refinery a substantial part 
of the heavy fuels produced in it can be 
sold as bunker fuel to international sea 
lines like those between the European 
countries and their African colonies or 
between Europe and the Americas. 

The international bunkering market 
is at present absorbing almost one half 
of the total production of the refinery. 
The refinery is also operating on behalf 
of foreign companies under processing 
agreements. This is why the Teneriffe 
petroleum products have reached coun- 
tries so far away from the Island as 
England, Sweden, South Africa, Tur- 
key, Greece, Portuguese Occidental 
Africa and Madeira. 

Through a recent agreement between 
the Portuguese and Spanish Govern- 
ments, Cepsa will soon supply petro- 
leum products to Portugal, in this way 
developing a new market. 


3. MARKETS 
As previously said traffic of petro- 
leum products is under monopoly con- 
















trol in Continental Spain and Balearic 
Islands. 

In these areas distribution and mar- 
keting of petroleum products are per 
formed by the corporation holding the 
monopoly rights, which is Campsa. 

In the other Spanish territories mat 
keting of petroleum products is free 
but remains ruled by the regulations in 
force for foreign currencies traffic. 
This situation makes the Teneriffe 
refinery the only source of petroleum 
products for domestic needs. 

The private national and foreign 
distributors marketing in these areas 
are therefore, buying from Cepsa all 
the products they sell to domestic 
consumers. 

The foreign companies having bunk 
er facilities in monopoly-free Spanish 
Territories have been granted permis 
sion to import their fuels with no limi- 
tations but one, that of payments hay 
ing to be in certain currencies. Of the 
currency benefits obtained from this 
trade a small part has to be given to the 
Spanish Government against payment! 
of the corresponding equivalent in 
pesetas. 

Bunkering in Santa Cruz de Tene 
riffe and Las Palmas (Canary Islands) 
and Ceuta (Spanish Morocco) close to 
Gibraltar, has developed a considerabl« 
sea traffic through these ports. Cepsa is 
the only bunker supplier in Teneriffe 
while in Las Palmas bunkering is als¢ 
done by some foreign companies like 
Shell, Texas, Socony-Vacuum, Ess 
Standard and Cory Bros. In Ceuta 
besides Cepsa there is another bunk 
ering Anglo-Spanish firm with the 
name Ybarro la, S. A., while a third 
company under the name of Compania 
General de Corbones, S. A. is at present 
constructing additional bunkering in 
stallations. 

The consumption of liquid fuels in 
Spain is at present entirely free, the 
last restrictions having been taken ou 
some three years ago. 

The quality of motor gasolines is im 
proving fairly well since the Teneriff« 
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FIG. 1. Total consumption of light 
refinery products in Spain’s main- 
land and Spanish territories 


refinery Platformer was put on stream 
last February. It is expected that by 
next summer a new extra grade of 


gasoline with 80/86 O. N. will be mar- ° 


keted throughout Spain. 

A low level ot unteaded gasoline 
with 60 to 65 O. N. F2 wil! have to be 
maintained for some years in order to 
supply the very old types of engines 
still running in the country. These old 
engines are still in a considerable num- 
ber although newer types are being im- 
ported in limited quantities under 
commercial treaties with some Euro- 
pean countries. Production of cars and 
trucks in Spain is still very small 
although some new factories have re- 
cently started to manufacture different 
types of economical popular cars. 

In the entire Monopoly areas, more- 
over, a policy of modernizing storage, 
transportation and distribution facil- 
ities is being followed which improves 
the quality of products handled. 

The consumption of petroleum frac- 
tions is following closely the curve 
typical in all countries being industrial- 
ized. 

As a direct consequence of the taxes 
on motor gasolines the consumption in 
the country has not changed very much 
the last years. On the contrary, con- 
sumption of distillate and residual fuels 
shows a very important and steady 
increase. Thus the Spanish refineries are 
more than sufficient to provide for 
Spanish gasoline needs, but demands 
of middle and heavy fuels in the domes- 
tic and bunkering markets are more 
than the actual capacity of the two main 
Spanish refineries. The balance must 
be imported. 

Fig. 1 and 2 show total consump- 
tion curves of light and heavy petro- 
leum products in Continental Spain 
and Spanish territories during the 1951 
to 1954 period. These curves show 
clearly the increasing slope of the 
heavy products consumption curves 
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FIG. 2. Total consumption of heavy 
products in Spain’s mainland and 
Spanish territories 


whereas the consumption of light prod- 
ucts remains almost unchanged during 
the same years. 


4. TRANSPORT 

Main sources of .crudes for Spain, as 
for all other European countries, is the 
Middle East. Nevertheless, owing to the 
geographic location of this country it 
is still possible to refine Caribbean 
crudes under fairly economical con- 
ditions. 

Imports of finished products are 
decreasing in recent years owing to the 
considerable expansion of the domestic 
refining capacity. Imported products, 
however, must balance the deficits in 
middle distillates and residual fuels. 
These are supplied by European and 
Caribbean refineries. 

According to the above petroleum 
marine transport covers the following 
ends: 

Carrying crudes from producing 

zones to domestic refineries. 

Carrying finished products from 

domestic refineries to domestic 
coastal bulk stations. 

Carrying finished products from 

foreign refineries to domestic bulk 
stations. 


Marine transport of both crudes and 
finished products is getting more and 
more nationalized thanks to a rapid and 
substantial increase of the Spanish 
tanker fleet, which has taken place in 
the last few years. 

Campsa owns twenty-eight tankers, 
from which twenty-three have an indi- 
vidual tonnage of more than 2000 tons 
dw. Besides this, four units with 9000 
tons dw each are being built in Spanish 
shipyards for this concern. During 
1954 Campsa’s fleet transported some 
2,400,000 tons of finished products. 

Cepsa owns six tankers with a total 
dw of some 50,000 tons. It has under 
construction in a Spanish yard a seventh 






one with a deadweight of 18,400 tons. 
Cepsa’s fleet carried during 1954 450. 
000 tons of crude. 

Besides these there are some other 
owners in Spain among which the mog 
important is Empresa Nacional Elcano 
which has in service two tankers of 
15,000 tons each. These units are the 
most modern in the Spanish tanker 
fleet. Elcano has recently launched 
one more tanker, with deadweight of 
19,000 tons, and has under construc. 
tion four others of like size. 

All the tankers actually registered 
under the Spanish flag are shown in 
Table 1. 


TABLE 1. Spain’s tanker fleet. 





1. Actually sailing under the spanish flag. 


DEAD WGT 
OWNER TANKERS TONS 
CAMPSA 7 10,600 74,200 
7 8,000 56,000 
4 6,000 (Avg.) 24,000 
2 4,000 8,000 
3 2,000 6,000 
2 1,000 2,000 
1 500 500 
1 400 400 
1 200 200 
CEPSA 1 12,000 12,000 
1 11,000 11,000 
1 10,550 10,550 
1 8,500 8,500 
1 5,500 5,500 
1 1,500 1,500 
ELCANO 2 15,000 30,000 
1 19,000 19,000 
Total... 37 269 , 350 


2. Presently under constructon in Spanish shipyards 
DEAD WGT 


OWNER TANKERS TONS 
CAMP OR. <oscese 4 9,000 36,000 
| ee 1 18,000 18,000 
ELCANO ite 5 19,000 95,000 

Total..... 10 149,000 


Apart from the above referred units 
there are others under foreign flags 
which are permanently or semiperman- 
ently in the service of Spanish refin- 
eries. 

Plans to increase the Spanish tanker 
fleet are now under way, in order that 
domestic needs will be covered entirely 
with Spanish-registered tankers. 

In some Spanish official and financial 
circles opinion favors enlarging the oil 
commercial fleet more than domestic 
demands in order to enter international 
freight markets. This would create a 
source of foreign currencies and help 
balance foreign exchange. The geo- 
graphical position of Spain in Western 
Europe and the seaworthy tradition of 
this nation of navigators support this 
plan. 

Inland transport has many difficulties 
because of the geologic constitution of 
the Iberian peninsula and its still im- 
perfect communication system. 

Up to now, the transport of all the 
petroleum products toward the in- 
ternal markets is by railroad and by 
highway as there is no pipe line in ser- 
vice. Campsa is the firm that operates 
this transport system, which presently 
has 1150 tank wagons with a capacity 
variable between twenty and fifty tons 
and 525 tank trucks of five to fifteen 
tons capacity. xt 
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DIGEST of NEWS and COMMENT 


«Kx 





— 


Oil Doubly Hard to Find 


Hitting at recognition of the replace- 
ment cost factor by oil accountants, 
IPAA reports that twice as much drill- 
ing is necessary to locate and process 
a barrel of oil as in the years 1937-41. 
With about 70 per cent of the domestic 
production coming from wells drilled 
before World War II, it will be years 
before the effect shows up in company 
records—unless current operations are 
planned with replacement costs in 
mind. 

kk 


Reinecke Wells Sold 
Thirteen wells in West Texas with a 
combined allowable of 1591 bbl daily, 
have been bought by Producing Pro- 
perties, Inc., for a cash consideration of 
about $5,000,000. The wells, in the 
Reinecke Pool of Borden County, were 
sold by J. D. Leftwich, et al. Engineers 
have estimated the total reserves of the 
properties to exceed 5,500,000 bbl net. 
Purchase negotiations were handled by 
the San Juan Exploration Company. 


kkk 
Offshore Sale Set 


Third sale of oil and gas leases in 
the outer continental shelf of the Gulf, 
covering 674,095 acres, has been an- 
nounced by the Interior Department. 
The department stated that most of the 
594,666 acres nominated by the oil and 
gas industry March 25 are included. 
The acreage up for sale is off the coasts 
of Texas and Louisiana. 


kkk 
Shell Group Sets Record 


Shell.Oil’s New Orleans exploration 
department has been commended on a 
safety record of more than 1,000,000 
man hours without a lost-time accident 
in the last 21 months. The group of 
about 300 persons work primarily in 
field parties on powerboats, scows, 
swamp buggies, helicopters, cars and 
trucks. Last disabling injury was on 
July 16, 1953. 


kkk 


New Homes for Oil Firms 


Cecil V. Hagen, Houston, Texas, oil 
operator and geologist has begun work 
on a $2,100,000 office building to be 
completed early next year. Much of the 
space in the 10-story structure has been 
leased to oil companies and independ- 
ent oil operators and consultants. These 
include Gulf Coast Leaseholds, Inc.. 
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Falcon Petroleum Corporation and 
Talon Petroleum, C. A. 

Also in Houston, Michel T. Hal- 
bouty, independent operator, is con- 
structing a $300,000 private office 
building for his staff. 

In New York City, The American 
Oil Company has moved its offices to 
the newly completed Amoco Building 
on Fifth Avenue. Amoco will occupy 
the second through the tenth floors of 
the 19-story structure. 


kk * 
Waterflood Hikes Output 


Importance of secondary recovery in 
Kansas has been made public in one of 
several recent Interstate Oil Compact 
Commission publications concerning 
these operations in various states. In 
seven Kansas counties producing the 
major portion of secondary recovery 
oil, six reported that waterflood oil re- 
covery accounted for more than 65 per 
cent of the total production. In Green- 
wood County, almost 4,500,000 bbl of 
oil were produced by secondary recov- 
ery method. Total reported production 
for Kansas last year was 10,900,000 
bbl. 


API Production Meetings 
District meetings of the American 
Petroleum Institute’s Division of Pro- 
duction will be drawn to a close with 
the June 6-10 mid-year conference at 
Denver, Colorado. The Eastern district 
sessions closed May 13 with nearly 
1000 production men attending the 
Pittsburgh, Pennsylvania meeting. 


kk 
Rocky Mountain Oil Show 


Fifty thousand people are expected 
to attend the first annual Rocky Moun- 
tain Oil Show at Casper, Wyoming, 
June 23-26. Oil companies, suppliers, 
and service firms have taken space on 
the 80-acre show grounds. 


kk * 
AAODC Safety Clinic 


Man-hour and dollar-saving safety 
program results that have surprised 
even the safety directors were discussed 
at the tenth annual Drilling Safety 
Clinic at Dallas, Texas, May 5-6. The 
meeting, sponsored by the AAODC 
drew nearly 300 to compare notes on 
efforts to improve already successful 
and fast-spreading safety program. 








“‘Hank’’ Kastrop New Drilling cnet Prides Editor 


With this issue J. E. “Hank” 


Kastrop becomes editor of the Ex- 
ploration, Drilling, and Producing 
Edition of The Petroleum Engineer. 
He comes to us from World Oil 
where he has been production editor 
since 1951, and on the staff of that 
publication and its predecessor, Oil 
Weekly, for a period of ten years. 

“Hank” is a petroleum engineer 
graduate from Texas University 
(1941). His oil field career began as 
a roustabout in West Texas for 
Humble Oil and Refining Company. 
Later he was transferred to South 
Louisiana where, as a roughneck on 
a drilling rig, he completed his 
training program, then served as a 
junior engineer prior to joining the 
U. S. Navy in 1942. Four years later 
he joined the editorial staff of Oil 
Weekly as Gulf Coast district editor. 

In the course of his editorial ca- 
reer “Hank” has written 70 techni- 
cal and operating articles on explo- 
ration, drilling, and production sub- 
jects, has edited more than 500 man- 
uscripts written by others. Pursuit 
of his duties has taken him into 





virtually every oil-producing state, 
as well as Cuba, Venezuela, and 
Canada. 

Kastrop has been active in Gulf 
Coast industry organizational work 
with AIME, API, and the Houston 
Geological Society. 

He succeeds Sim H. Crews, who 
has joined Ernest Cockrell, Jr., in- 
dependent oil operator of Houston. 
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BAKER 


RETAINER 
PRODUCTION PACKER 


Do you know that with only ONE Baker Retainer 
Production Packer you can equip your well for either 
SINGLE ZONE or DUAL ZONE production? And that 
you can accomplish any type of completion for any 
method of production to meet fixed or changing well 
conditions? 

A single Baker Retainer Production Packer will also 
outperform many specialized tools when used as a TEST- 
ING PACKER — SQUEEZE PACKER — GAS LIFT 
PACKER — PERMANENT COMPLETION PACKER 
— WATER FLOOD PACKER — GAS INJECTION 
PACKER — CORROSION CONTROL PACKER- 
TUBING ANCHOR — ONE-WAY BRIDGE PLUG - 
PERMANENT BRIDGE PLUG. 


Every production man should be familiar with the many 
operating advantages of this “Universal Type’ Packer, 
which include . . . 


WIRE LINE SETTING — Lhe packer can be set with wire line speed 
and accuracy, using the same set-up just used for perforating. 
The Baker Packer also can be set on drill pipe or tubing. 


SETTING UNDER HIGH PRESSURE—BYy Using a lubricator, the Baker 
Retainer Production Packer can be set under high pressure. From 
the moment it is set, the self-contained, flapper-type, back-pres- 
sure valve closes and isolates pressure below the packer. 


TUBING STRING IS ALWAYS “FREE —That valuable string of 
tubing— whether 1,000 feet or 16,000 feet in length—can be re- 
moved by simply picking up the tubing weight. 


EXCESSIVE ‘““SET-DOWN” WEIGHT OR TENSION NOT REQUIRED 
—Even when squeezing, formation fracturing, or producing at 


any depth under pressure, a perfect pack-off is maintained inde- 
pendent of excessive set-down weight, or tension. 


HOLDS PRESSURE DIFFERENTIALS FROM ABOVE OR BELOW !WO 
sets of opposed slips, and a resilient packing confined by lead and 


metallic sealing rings, effect a permanent pack-off that will hold 
any pressure differential either from above or below the packer 
that is safe for the well equipment. 
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Natural Gas 
Production in 


Southwestern 


David M. Young 


DuRING the early nineties of the last 
century the first test of note in south- 
western Virginia was drilled on the 
Nettle Patch farm of G. W. Gish on 
Clear Creek, 2 miles south of Ramsey 
in Wise County, Virginia. Although 
a detailed record of the well was not 
kept it is known that the well was drilled 
to a total depth of 2153 feet with a 
show of gas reported at 626 ft. Since 
that time the improperly plugged hole 
has been known as the “Burning Well” 
and is still marked by a joint of casing 
filled with rock and debris by the many 
visitors through the years. 

In 1932 the Penn-Ohio Gas and Oil 
Company drilled a test in Russell 
County, Virginia, on property of the 
Clinchfield Coal Corporation, north of 
Cleveland, to a total depth of 6002 ft 
through the Devonian shale. Although 
shows of gas were encountered, the 
well was plugged and abandoned with- 
out shooting the Devonian shale. 

From 1932 to 1934 Benedum Trees 
was drilling and fishing on the Kauf- 
man well on Guest River near Lipps, in 
Wise County, Virginia. Through fail- 
ure to set the production string of cas- 
ing at the proper depth and while ream- 
ing in the attempt to land casing at the 
Proper point, shut-off gas broke 
through and blew the tools up the hole 
resulting in a fishing job that lasted 
more than one year. The hole was 
finally plugged and abandoned at a 
total depth of 3760 ft near the base of 
the Big Lime (Greenbrier). 

From 1931 to 1940 the Early Grove 
gas field of Scott and Washington coun- 
tiles was developed with 7 wells, al- 
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Virginia 


though two unsuccessful tests were 
drilled as early as 1910 and 1915. 
Small and decreasing annual amounts 
of gas have been marketed locally from 
this field since 1938. Production is 
mainly from sandy zones in the Little 
Valley limestone of Warsaw age. 

During the early forties the Virginia 
Coal and Iron Company drilled three 
wells on the plunging northeast end 
of the Powell Valley anticline in Wise 
County. One was drilled through the 
horizon of the Oriskany to a total depth 
of 5348 ft. Another of these wells made 
a heavy show of gas in the Raven- 
cliff sand at a depth of 1450 ft. 

Oil development of significance was 
secured near the village of Rose Hill 
in Lee County in 1942 with previous 
intermittent and unsuccessful drilling 
since the year 1910. This was the first 
oil production to be developed in both 
Virginia and in any area east of the 
Cumberland-Allegheny Plateaus. The 
years following 1942 marked fairly in- 
tensive development in the area with 
production of small annual amounts of 
high grade oil decreasing to less than 
10,000 bbl in 1953. 

Natural gas in large volume was dis- 
covered in Buchanan County in Jan- 
uary, 1948 with completion of the 
United Producing Company 1-V W.M. 
Ritter. This well made 17,000 Mcf of 
gas in the Ravencliff sand of upper 
Mississippian age at a total depth of 
2301 ft. 

In 1949 gas was discovered in 
Diekenson County with completion of 
the Clinchfield Coal Corporation well 
No. 101. This was drilled through the 


P1411.) 


Berea sand to a total depth of 455! 
ft, plugged back and acidized in the 
Big Lime for an initial openflow of 
1632 Mcf. 

The discoveries in Buchanan and 
Dickenson counties resulted in inten- 
sive development that continues at the 
present time and which will be dis- 
cussed subsequently in greater detail. 

In 1949 the deepest test completed 
in Virginia was drilled by the Cali- 
fornia Company on a location 2 miles 
southwest of Blacksburg in Mont- 
gomery County. This was drilled with 
rotary tools to a total depth of 9340 ft 
in the Moccasin limestone. An esti- 
mated 50 Mcf of gas was reported from 
7350 to 7480 ft in the Martinsburg 
formation. 

Another noteworthy test was drilled 
in Wise County in 1949. Located in the 
vicinity of East Stone Gap where Silu- 
rian and Devonian beds are exposed on 
the crest of the Powell Valley anti- 
cline, the well was drilled to a total 
depth of 4862 ft in Cambrian dolomite. 
In all probability this well did not pene- 
trate the sole of the Cumberland over- 
thrust block, an important considera- 
tion in view of the fact that the Rose 
Hill oil production to the south was 
beneath the plane of the thrust block. 

In 1950 the United Producing Com- 
pany completed their 1 J.M. Hoge near 


Geology of this Applachi- 
ans area is complicated — 
gas production is from a 
thrust block 


the center of the Burke’s Garden area 
in Tazewell County. The well was 
plugged and abandoned at a total depth 
of 5632 ft in the Cambrian. 

A final wildcat was drilled in 1951, 
the New York Mining and Manufac- 
turing Company No. 1 Graham, which 
was plugged and abandoned at a total 
depth of 6057 ft through the horizon 
of the Oriskany. Shows of gas were 
encountered in the Devonian shale but 
the well was not shot. 

Although not located in southwest- 
ern Virginia, Rockingham County in 
the extreme north-central part of the 
state in the Valley and Ridge province 
was the scene of Oriskany sand explo- 
ration during 1951 and 1952. The 
Souder well was deepened and com- 
pleted as an Oriskany producer in No- 
vember, 1951. The total depth was 
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POWELL VALLEY ANTICLINE 
Folded Poleozoic Sedimentories 


ROSE HILL O'L POOL 
(in Fenster Areo) 






2995 ft, initial openflow 1043 Mcf, and 
48 hr rock pressure 1300 psi. 

Three additional wells were com- 
pleted in Rockingham County during 
1952, one of which was dry at a total 
depth of 3098 ft. This well was not 
shot. The United Fuel Gas Company 
completed the W.J.B. Moyers No. 1 at 
a total depth of 3768 ft with the Oris- 
kany sand from 3563 to 3761 ft. Oris- 
kany gas gaged 158 Mcf before the 
shot and 286 Mcf after. Snee and 
Eberly completed the S. L. Moyers 
No. 1 at a total depth of 3077 ft with 
Oriskany top at 3036 ft. The initial 
openflow was 9700 Mcf natural with a 
shut-in pressure of 1310 lb in 25 min- 
utes. No new tests have been started 
in Rockingham County since the com- 
pletion of the latter well. 


Buchanan County 

Since completion of the discovery 
well by the United Producing Company 
in 1948 development in Buchanan 
County has continued to the present 
time. United Producing has been re- 
sponsible for the major portion of this 
development although the Pipe Line 
Drilling and Construction Company, 
the Tate Oil and Gas Company, the 
Clinchfield Coal Corporation, and the 
United Fuel Gas Company have each 
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APPALACHIAN VALLEY AND RIDGE PROVINCES 
Folded Poleozoic Sedimentaries 


EARLY GROVE GAS FIELD 


Sketch map of southwestern Virginia showing regional 


completed from 3 to 10 wells. 

At the end of 1954, of a total of 
74 well completions 43 had a total 
initial openflow of 144,707 Mcf and 
33 were dry. Nine locations were either 
being drilled, completed, or waiting 
on rig. 

With the exception of a few scattered 
wells most of the development in Bu- 
chanan County has been in the Slate 
Creek and Knox Creek fields located 
from 2 to 10 miles northeast of 
Grundy, the county seat, and the Dis- 
mal Creek field about 7 miles southeast. 
The latter field was the scene of the dis- 
covery well. 

The greater part of Buchanan 
County production is from the Raven- 
cliff sand and the Big Lime with 
smaller amounts developed in the Salt 


geology and structure, and oil and gas development. 





Sand, Maxon, Berea, and Devonian 
shale. Depths average about 2500 ft 
for Ravencliff wells, 3500 ft for Maxon, 
4000 for the Big Lime, 5000 for Berea 
wells, and 6000 ft for those drilled 
through the Devonian shale. Ravencliff 
initial rock pressures range from 650 
to 700 psi and those of Big Lime wells 
from 1100 to 1400 psi. 

During 1952 the Hope Natural Gas 
Company built a 33-mile 8, 10, and 
12-in. extension of their transmission 
system into Buchanan County which 
terminated in the Dismal Creek field 
at a point near the discovery well about 
7 miles southeast of Grundy. Deliv- 
eries started in November, 1952 and 
totaled 1,135,545 Mcf by December 
31. During 1953 a total of 3,850,934 
Mcf was delivered. 

















David M. Young is chief geologist in charge of gas depart- 
ment operations for the Clinchfield Coal Corporation, Dante, 
Virginia. Young received the AB and MS degrees from the Uni- 
versity of Kentucky and attended the University of Chicago. 
For fifteen years he was instructor and assistant professor of 
geology at the University of Kentucky. From 1945 until 1952 
he was employed as geologist by the Kentucky West Virginia 
Gas Company in charge of the Prestonburg geological office 
and laboratory in eastern Kentucky. Since 1952 he has directed 
the gas development program for Clinchfield. 


The Author 
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Dickenson County 

Shortly after the discovery of com- 
mercial gas in Buchanan County the 
Clinchfield Coal Corporation started 
development of their large acreage 
holdings in Dickenson County. The 
first well, near Nora, Virginia, was 
completed successfully in the Big Lime 
with an initial openflow of 1632 Mct 
in March, 1949. From that time until 
the present Clinchfield has continued 
development drilling and wildcatting 
in Dickenson, Buchanan, and Wise 
counties. 

At the end of 1954, 58 wells had 
been completed of which 50 were shut 
in with a total initial openflow of 80,- 
283 Mcf. Eight wells were plugged and 
abandoned and one well, not shot, is re- 
garded as incomplete. Six locations 
were drilling, waiting for completion, 
or waiting on rig. 

Most of Clinchfield’s Dickenson 
County development is in the Nora 
and Open Fork fields in the south- 
central portion with scattered wells 
elsewhere in the county. 

Most of the developed gas reserves 
in Dickenson County are in _ the 
Big Lime with smaller amounts in the 
Salt Sand, Maxon, Berea, and De- 
vonian shale. Depths average about the 
same as in Buchanan County, Big Lime 
wells completing at about 4000 ft and 
Devonian shale wells at 6000 ft. Rock 
pressures in the Big Lime range from 
1000 to 1100 psi, in Maxon wells 980 
psi, Berea, 750 psi, and Devonian shale, 
900 psi. 

During 1951 Clinchfield engaged in 
a program of seismic exploration over 
much of their property in Dickenson 
County. At this time the Nora field had 
been partially delineated by develop- 
ment drilling and was shot first for 
control. 

Arrangements for sale of Clinch- 
field’s Dickenson County gas have re- 
cently been completed with the Ken- 
tucky West Virginia Gas Company of 
the Equitable Gas System. A 12-in. 
transmission line 15 miles in length is 
planned from a point near Nora, Vir- 
ginia to Osborn Gap on Pine Moun- 
tain and the Virginia-Kentucky state 
line. Initial deliveries will be taken from 
wells in the Nora and Open Fork 
fields. 


Wise County 

Although several scattered wildcat 
Wells were drilled in Wise County dur- 
ing the past 60 years it was not until 
January, 1954 that gas was discovered 
in significant quantity. At this time the 
Clinchfield Coal Corporation well No. 
155 was completed at a total depth of 
4011 ft in the Big Lime and acidized 
With a resulting initial openflow of 


THE PETROLEUM ENGINEER, June, 1955 


2100 Mcf. The shut-in pressure was 
980 psi. This well is located near 
Stonega, Virginia, 25 miles from 
Dickenson County production, on a 
tract of 100,000 acres leased from the 
Virginia Coal and Iron Company. 

Drilling has continued in the area 
of the discovery well and a southern off- 
set was recently shut in with an initial 
openflow of 794 Mcf after acidizing 
with 2000 gal and re-acidizing with 
5500 gal. 

Prior to discovery of the Stonega 
pool Clinchfield had drilled 2 Devonian 
shale wells in Wise County with small 
initial openflows. 

By the end of 1954, a total of 12 
wells had been completed in Wise 
County, including the scattered wild- 
cats drilled prior to discovery of the 
Stonega pool. Five of those are shut 
in with a total initial openflow of 4351 
Mcf and 7 are plugged and abandoned. 
Two spudders are currently being op- 
erated in the county by the Clinchfield 
Coal Corporation. 


Scott and Washington Counties 

Although wells are mostly depleted 
and drilling activity has ceased, the 
Early Grove Gas Field of Scott and 
Washington Counties is interesting for 
two reasons. First, because of its lo- 
cation in a belt of folded Paleozoic 
sedimentaries in the Appalachian 
Valley and Ridge Province and second, 
because it constituted the first com- 
mercial development of natural gas in 
Virginia. 

The first productive well was drilled 
by the Bristol Natural Gas Corporation 
in 1931 high on the Early Grove anti- 
cline to a total depth of 3613 ft. The 
initial openflow was 1750 Mcf with a 
rock pressure of 1500 psi. Only a few 
wells were drilled by the early forties 
but in 1938 the gas was marketed in 
Bristol, Tennessee-Virginia, through a 
4-in. pipe line. 

The gas in the Early Grove field 
occurs in calcareous standstones in the 
Little Valley limestone of Warsaw age. 
All development was on the Early 
Grove anticline, the most conspicuous 
of a series of anticlinal structures in a 
belt of Mississippian rocks. 


Lee County 

The Rose Hill Oil Field in Lee 
County is similar to the Early Grove 
Gas Field in that production has de- 
clined with drilling activity practi- 
cally at a standstill. 

Because of its high-quality oil, how- 
ever, and because of the unusual 
geological situation the field is worthy 
of note in this discussion of southwest- 
ern Virginia. 

Intermittent drilling was recorded in 
the area from 1910 to 1942 but it was 


not until the latter year with the com- 
pletion of the No. 1 Fugate well that 
serious attention was attracted to the 
area. This discovery well had an initial 
production of 60 bbl per day. By Jan- 
uary, 1947, a total of 35 wells had 
been completed in the field. 

In most wells the oil occurs in frac- 
tured zones in the Trenton limestone 
at comparatively shallow depths. 

Oil production in the area declined 
to a total of 7603 bbl in 1953. 


Geology and Structure 

Southwestern Virginia presents a 
rather complicated picture in so far as 
regional geology is concerned, one that 
has been studied by many authorities 
on Appalachian stratigraphy and struc- 
ture. 

Part of Buchanan County, most ot 
Dickenson, all of Wise, parts of Scott 
and Russell, and practically all of Lee 
County lie within the boundaries of the 
Cumberland Overthrust Block. This 
classic structure represents the north- 
westernmost major movement in the 
great belt of Appalachian folding and 
faulting produced by the orogeny that 
closed the Paleozoic era. 

The Cumberland Overthrust Block 
is approximately 25 miles in width, 
125 miles in length and trends north- 
east-southwest, parallel with Appala- 
chian folding, from the Russell Fork 
fault in Dickenson and Buchanan 
counties, Virginia, to the Jacksboro 
fault in Campbell and Anderson coun- 
ties, Tennessee. According to authori- 
ties on Appalachian structure the block 
moved from the southeast along a 
nearly horizontal fault plane some 2 
miles on the northeast end and 10 
miles on the southwest. 


To the northwest the block is termi- 
nated by the Pine Mountain fault with 
Devonian beds resting upon Pennsy!- 
vanian. Along the southeast boundary 
of the block the St. Paul or Hunter’s 
Valley fault brings Cambrian over and 
against overturned younger Paleozoics. 


The block exhibits two conspicuous 
structures: (1) the Middlesboro Syn- 
cline with almost flat-lying Pennsy!- 
vanian rocks at the surface and con- 
taining important coal reserves in Vir- 
ginia, Kentucky, and Tennessee; and 
(2) the Powell Valley anticline plung- 
ing to the northeast and exposing along 
its axis rocks from Cambrian to Penn- 
sylvanian in age. 


In Southwestern Lee County, Vir- 
ginia, the lowermost beds, of the over- 
thrust block have been eroded through 
in a series of fensters to expose the 
plane of the overthrust and Silurian and 
Ordovician beds in the static block be- 
neath. The Rose Hill Oil Field occurs 
in this area and the discovery well was 
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drilled within one of these fensters. 

Along the axis of the Powell Valley 
anticline to the northeast successively 
younger Paleozoic beds are exposed to 
the point where the structure noses out 
in the relatively flat-lying Pennsyl- 
vanian beds in the coal fields of Wise 
County. 

In all wells that have been drilled 
through the Devonian shale in Dicken- 
son and Wise counties, a shear zone is 
penetrated from 40 to 100 ft above 
the base of the shale or top of the 
underlying Onondaga or Helderberg 
limestones. This zone is characterized 
by metamorphosed bituminous shale 
that is coal-like in appearance with 
veinlets of calcite up to 1 in. in thick- 
ness. This zone has been regarded as 
the plane of the Pine Mountain fault or 
sole of the Cumberland Overthrust. 

The interpretation cited above may 
be open to question when one considers 
the following facts: 

(1) As stated previously, all forma- 
tions penetrated by wells in Dicken- 
son and Buchanan counties, as well as 
much older beds, are successively ex- 
posed along the axis of the Powell 
Valley anticline toward the southwest 
in Wise and Lee counties. The oldest 
beds are exposed in the fenster area 
where the Copper Ridge dolomite 
(Cambro-Ordovician) lies upon beds of 
Silurian and Ordovician age. Here 
there can be no question about the posi- 
tion of the thrust plane. Where the De- 
vonian shale outcrops toward the 
plunging northeast end of the anticline 
zones of shearing and drag-folding 
may be seen toward the lower part of 
the shale section. 

(2) When well sections in eastern 
Kentucky, northwest of Pine Moun- 
tain, are compared to those in Dicken- 
son County, Virginia and allowance is 
made for regional dip and thickening, 
normal relationships might be inferred. 

(3) Clinchfield Coal Corporation well 
No. 154, located 6 miles northeast of 
the Russell Fork fault, thus 6 miles 
beyond the limits of the overthrust 
block, was drilled through the Devo- 
nian shale. A zone of shearing, calcite 
veining, and gas blowout was pene- 
trated near the base of the shale similar 
to that encountered in all shale wells in 
Dickenson County. 

(4) Shear zones in the Cumberland 
Overthrust are not confined to the De- 
vonian shale. Coal seams, notably the 
Widow Kennedy, exhibit conspicuous 
evidence of shearing in surface ex- 
posures. 

Drilling depths in Dickenson County 
to definitely prove or disprove a fault 
plane below the shear zone near the 
base of the Devonian shale would be 
excessive. However, in areas near the 
axis of the Powell Valley anticline 
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where older Paleozoics dip beneath 
Pennslyvanian rocks such depths would 
be much less. 

That portion of southwestern Vir- 
ginia southeast of the St. Paul fault 
is characterized by strongly folded and 
thrust faulted Paleozoic sedimentaries 
of the Appalachian Valley and Ridge 
Province. It was on one of the broader 
folds in this area with Mississippian 
(Pennington) rocks at the surface where 
the Early Grove Gas Field was de- 
veloped. 

Surface rocks in Buchanan, Dicken- 
son, and Wise counties are mostly sand- 
stones, conglomerates, siltstones, shales, 
and coals of the Pennsylvanian Lee, 
Norton, and Wise formations. 

In Dickenson County wells not pro- 
ductive in the Big Lime or shallower 
formations are drilled on through the 
Berea sand and Devonian shale to the 
top of the “Corniferous” (Onondaga or 
Helderberg). In this interval possible 
producing horizons range in age from 
Pennsylvanian to Devonian and in 
lithology include sandstones, conglom- 
erates, siltstones, limestones, and shale. 

Most of the developed reserves in 
Buchanan County are in the Ravencliff 
sandstone of upper Mississippian age. 

In Dickenson County, the Big Lime 
(Chester-Ste. Genevieve-St. Louis) is 
responsible for the bulk of developed 
reserves. The usual producing horizon 
is an Oolitic facies just above the Hills- 
dale chert (St. Louis). 

Analyses of gas from the different 
reservoirs in the same vicinity do not 
exhibit significant variation. Dicken- 
son County gas averages about 95 per 
cent methane with a Btu of from 1000 
to 1050. However, gas from both the 
Big Lime and Devonian shale in the 
Stonega pool of Wise County contains 
less methane and more ethane and pro- 
pane with a Btu up to 1150. This is of 
particular interest, not only because 
the gas quality more nearly resembles 
that of eastern Kentucky, but because 
the Stonega area of Wise County is 
within the Cumberland overthrust, 
southeast of the Pine Mountain fault 
where presumably the amount of move- 
ment along the sole of the overthrust 
was greater than in Dickenson County. 


Drilling and Completion Methods 

Drilling in southwestern Virginia is 
entirely by cable tools, both standard 
rigs and spudders being employed. Al- 
though completion depths are excessive 
when compared to eastern Kentucky 
and parts of West Virginia, daily foot- 
age rates are considered good. In one 
well drilled to a total depth of 6104 
ft, a standard rig was on location 186 
days and 159 working days. Drilling 
proceeded on 157 days for a daily av- 
erage of almost 40 feet. 
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As is customary elsewhere in the 
Appalachian Basin where a similar sec. 
tion is drilled, drive pipe is run, usually 
13% in, through soil and mantle rock, 
Ten and three-quarter in. casing is run 
and cemented to protect coal seams and 
shut off shallow water. 

The amount ranges from 400 to 
1400 ft in Dickenson County; 8%. 
in. casing is set below a caving section 
of red shale and siltstone in the 
upper Mississippian (Pennington) and 
amounts average about 2500 ft. The 
production string of 7-in. casing is set 
near the top of the Big Lime (Green- 
brier) below the “Pencil Cave.” Either 
2% or 3¥%2-in. tubing is run on comple- 
tion of a well. 

As most of the developed gas re- 
serves in Dickenson County are in the 
Big Lime, acidization is a routine com- 
pletion operation. Tubing (3'%-in.) is 
run on an upside down packer and 
wells treated with from 1000 to 6000 
gal of 15 per cent acid. In some cases 
considerable difficulty is experienced 
with packer setting because of the frac- 
tured character of portions of the Big 
Lime section. Occurring as it does in an 
overthrust block one would expect a 
higher degree of formation fracturing. 
It is the current practice in Dickenson 
County to run a caliper survey on com- 
pletion of a well through the Big Lime 
in order to find a suitable packer seat. 
At the same time a temperature survey 
is usually run to find tops of gas pays. 

For those wells drilled through the 
Devonian shale it is routine procedure 
to bring them in with heavy shots of 80 
per cent gelatinated nitroglycerine. In 
the nearest field with a long production 
history for Devonian shale wells (east- 
ern Kentucky), only about 6 per cent 
of shale wells are natural and the ma- 
jority are brought in by shooting with 
gelatine and occasionally other ex- 
plosives. In most instances more than 
100,000 Ib of gelatine are used. 

In Dickenson and Buchanan coun- 
ties the Berea sand is the major gas 
source in some wells. Light shots of 
gelatine (1000 Ib) have been used suc- 
cessfully in Dickenson County and dur- 
ing the past year in Buchanan County 
sand-fracing has been employed in 
Berea wells with good results. 


Conclusion 


In conclusion, gas production in 
southwestern Virginia presents about 
the same problems as in eastern Ken- 
tucky, West Virginia, and elsewhere in 
the Appalachian Basin. The strati- 
graphy and lithology of reservoirs are 
similar and aside from the fact that 
much of the area lies within an over- 
thrust block with thicker sections and 
deeper completion depths the situation 
is about the same. xt 
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SECONDARY RECOVERY 


of Petroleum 
in Pennsylvania 


William S. Lytle 


THE Pennsylvania oil producer started 
his pioneering in the production of 
crude oil with the drilling of the world’s 
first commercial oil producer, the 
Drake Well, in 1859. It was in his oil 
fields where the first experiments with 
vacuum, air and gas drive, and water- 
flooding were made. He continues to- 
day, both in the laboratory and in the 
field, working constantly to discover 
new methods of recovering additional 
crude oil from the depleted sands. 

Wells in the Pennsylvania oil fields 
are drilled with cable tools. The central 
pumping system, which for years op- 
erated the producing oil well, is being 
gradually replaced with individual elec- 
tric pumps. A further advancement is 
the back-pressuring and flowing of the 
producing well. In both air or gas drive 
and waterflooding, the input well is 
tubed and the area of the sandface, 
which is subjected to injection, is con- 
trolled with packers. 

With the exception of the Second 
Venango sand of the Conewango 
Group, Upper Devonian in age, all of 
the sands under waterflooding are in the 
Canadaway Group, Upper Devonian 
age. The sands under air or gas drive 
are from both of the preceeding groups 
and one sand, the Berea, is in the Po- 
cono Group of the Mississippian. The 
use of secondary recovery methods in 
Pennsylvania has made it economical 
to operate the depleted oil fields long 
after they would otherwise have been 
abandoned. 

The estimated natural production 
curve in Fig. 5 is an estimate of what 
the Bradford district would have pro- 
duced if secondary recovery had never 
been initiated. The broken line in Fig. 
1, should be considered in the same 
light. 
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Vacuum 

John F. Carll, geologist of the Sec- 
ond Geological Survey of Pennsyl- 
vania, mentioned in a report published 
in 1890 that vacuum had been used in 
the Triumph Oil District of Pennsy]- 
vania as early as 1869 to increase the 
recovery of crude oil from the oil 
sands. It is customary in the oil and 
gas industry to use the term “vacuum” 
to denote a pressure less than atmos- 
pheric, but not necessarily meaning ab- 
solute vacuum. Later it was discovered 
that vacuum increased the volume of 
casinghead gas, as well as the crude oil, 
and also added to its richness. Within 
ten years after the drilling of the Drake 
Well, vacuum was applied by the Penn- 
sylvania oil producer and has been ap- 
plied continuously somewhere in these 
oil fields up to the present time. The 
oil production in general was stimu- 
lated only slightly by vacuum, for a 
comparatively short time, but 4 to 10 
gal of gasoline were recovered per 1000 
cu ft of gas after compression. The use 
of vacuum in Pennsylvania was at its 
height from 1918 to 1925. The total 
amount of additional oil recovered and 
the present day production by this 
method isn’t known, but in both cases 
the amount would be small. About 12 
per cent of the present crude oil pro 
duction in Pennsylvania can be at- 
tributed to natural production, some of 
which is being produced under vacuum 
The resultant increase in the viscosity 
of the oil from the use of vacuum prob- 
ably left the remaining oil more diffi 
cult to recover. 


Air and Gas Drive 

The first recorded attempt to re- 
pressure oil sands with air or gas was 
made in the early 1900’s by Mark B 
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Yearly Production of Crude Oil in Pennsylvania 


Fig. 1. Annual production of crude oil in Pennsyl- 
vania, showing the influence of secondary recov- 
ery and other events upon the production curve 


Mitchell at Franklin, Pennsylvania. 
The method was first successfully used 
in Pennsylvania in the Hamilton 
Corners field in 1916 by introducing 
compressed air into the producing 
horizon. Since this first experiment, the 
use of air or gas as a driving medium to 
increase the oil production continued 
to increase and was widespread in the 
Pennsylvania oil fields in the middle 
1920’s. This method is used extensively 
today, particularly in the Middle Dis- 
trict (Fig. 4). Nine per cent of the 
state’s 1953 production can be attrib- 
uted to air or gas drive. 

In general, 1000 cu ft of air or gas 
per vertical foot of sand, is injected 
daily into each input well under pres- 
sures ranging from 50 to 400 psi. As 
symmetrical a well-spacing pattern as is 
possible to obtain with the old oil wells 
and new pressure wells is followed. 
For intensive development, the uni- 
form “seven-spot” pattern is used. This 
nomenclature is not quite correct and 
the pattern is more correctly known as 
the “reverse seven-spot” for each pro- 
ducing well is actually affected by three 
inputs. The spacing in this pattern is 
150 to 250 ft between inputs and pro- 
ducers with a ratio of about 2 producers 
to 1 input. From 10 to more than 100 
bbl of oil per acre-foot can be recov- 
ered by air or gas drive and indications 
are that only oil in excess of 150 bbl 
per acre-foot is recoverable by this me- 
chanical method. During the life of a 
project, between 6 and 22 Mcf of air 
or gas is injected per barrel of oil 
produced. 
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Air or gas drive is used extensively 
in the following fields (Fig. 2): Music 
Mountain, Cooper, Tidioute, Colorado- 
Goodwill Hill-Grand Valley, Balltown- 
Truemans, Watson-Duhring, Church 
Run, Pleasantville, Shamburg, Petro- 
leum Center-Pioneer, Oil City-Rouse- 
ville, Foster-Reno, Cranberry-Rock- 
land Bullion-Clintonville, Volant and 
Carson and less extensively in the Gart- 
land, Kinzua, Walnut Bend, Clarion- 
Miola, McDonald, and Washington- 
Taylorstown fields. 

The sands (Fig. 3) under air or gas 
drive are the Berea, First, Lytle, Red 
Valley, Second, Knox Third, Third 
Stray, Gray, Gordon, Third, Fourth, 
Fifth, Balltown, Cooper, and Sliver- 
ville. 

The McDonald and Washington- 
Taylorstown fields each has one gas 
drive project in operation. Gas drives, 
which cover but a small part of these 
two fields, are not applied intensively 
but have yielded outstanding increases 
in oil production. These two fields and 


a number of other fields in Pennsyl- 
vania should yield considerably more 
oil economically when air or gas drive 
is intensively applied. Also, some sands 
which haven’t come under air or gas 
drive should respond favorably under 
an intense application of this method, 
The peak year in production by air or 
gas drive was 1929. At present there 
are about 2185 air or gas input wells 
affecting 7740 producing oil wells in 
Pennsylvania’s air or gas drive projects, 


Water Flooding 


In a publication of the Second Geo. 
logical Survey of Pennsylvania in 1880, 
the author, John F. Carll, called atten- 
tion to the possibilities of systematic- 
ally employing waterflooding to in- 
crease the recovery of oil. Waterflood- 
ing was probably secretly practiced in 
the early 90’s in Pennsylvania, but 
didn’t come into extensive use until 
about 1920 and was legalized for cer- 
tain sands in Pennsylvania in 1921 by 
an act of the state legislature. Artificial 
waterflooding has been developed into 
the outstanding method of producing 
oil in Pennsylvania. Seventy-nine per 
cent of the state’s 1953 production can 
be attributed to waterflooding. 

In general an average of 8 to 9 bbl 
of water is required to produce a bar- 
rel of oil, although for some projects 
an average of up to 25 bbl of water may 
be used when computing for the entire 
life of the flood. The flood water, which 
is introduced under pressure at the top 
of the intake well, comes primarily 
from shallow fresh water wells, but also 
from surface water and springs. Until 
recently the water was usually obtained 
through an open svstem or air-free sys- 
tem, treated and filtered before injec- 
tion. During the last two years more op- 
erators have changed over to the closed 
system, where the floodwater is ob- 
tained from shallow fresh water wells 
and injected without treatment or fil- 
tration. The pressures applied in the in- 
take wells at the sand face are as high as 
1800 to 2000 psi. The producing well 
is generally located in the center of a 
square and is surrounded by 4 in- 
take wells at the corners of the square. 
This pattern is known as the “five-spot.” 











William S. Lytle was appointed director of the Pennsylvania 
Topographic and Geologic Survey's field office in Butler in 1947. 
Since then he has worked in the Pennsylvania oil and gas fields 
collecting data for geological and engineering reports. He auth- 
ored the Survey publication Crude Oil Reserves of Pennsylvania. 
His work on the survey, begun in 1940, was interrupted by a 
5-year tour of duty in the U. S. Corps of Engineers. 

Lytle was graduated from the Pennsylvania State University 
with a BS in petroleum and natural gag engineering. 


The Author 
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MAP LISTING 
OIL FIELDS OF PENNSYLVANIA 
UNDER SECONDARY RECOVERY 






































‘UARION 


lc AmMERON! 


! 
' | ! 
| JEFFERSON | 
| 
| 


| 


‘ 

| 

| cue 
‘ 





ee ee’ 











TIOGA COUNTY 


WF* | Gaines 
POTTER COUNTY 


2 Hebron Center 
3 Shingle House 


McKEAN COUNTY 


indfall 
radford 
oryville 

usic Mountain 
orshburg 
rmsby 


== 
nan 


c 
+ 


~ 
Swonouws 


====2O=== 
amnn 47 
WOOL ZOWS 


fy 
urning Well 
ELK COUNTY 
WF 12 Glen Hozel 




















WARREN COUNTY 


A-Gt 13 Gartlond 
WE 14 Clarendon 
A-G 15 Kinzua 
F,A-G 16 Cooper 
A-G |7 Tidioute 











Grand Valley 


Names of 


A-G 18 Colorado- Goodwill Hill - 





@ WATER FLOODING 
t GAS ORIVE 
+ AIR OR GAS ORIVE 





Fields 
FOREST COUNTY 
A-G 19 Balltown- Truemans 
A-G 20 Watson- Duhring 
CRAWFORD COUNTY 


A-G 21 Church Run 

VENANGO COUNTY 
Pleasantville 

Shamburg : 
Petroleum Center - Pioneer | 
Oil City- Rousville 
Walnut Bend 
Foster - Reno 


Cranberry — Rockland 
Bullion — Clintonville 


MERCER COUNTY 
A-G 30 Volant 

CLARION COUNTY 
A-G 31 Clarion-Miola 

BEAVER COUNTY 
A-G 32 Carson 


WASHINGTON COUNTY 


G 33McDonald 
G 34Washington- Toylorstown 


>> 
HOO 
mow 
Shan 


Own 


F 
beeper 
DODO 
NNONANP 
Oon 








The distance between intake and pro- 
ducing wells varies from 225 to 250 ft. 
Until recently most producing wells 
were generally pumped, but the method 
of back-pressuring and flowing of the 
oil is becoming more common. Some 
holdings in the Bradford pool have pro- 
duced over 10,000 bbl per acre. 

Most of the economically success- 
ful waterfloods in Pennsylvania are lo- 
cated in the northern district. An eco- 
nomical flood is located in the middle 
district in the Bullion-Clintonville field 
where the Second sand is being flooded. 
Except for this flood and a recent 
Waterflood experiment which shows 
signs of success, other floods haven't 
been successful in this district. The 
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Fig. 2 


Bradford pool located in the northern 
district contributes the major part of 
the oil obtained by waterflooding. 
Other successful waterflooding on a 
fairly extensive scale is being con- 
ducted in the Clarendon, Guffy, Burn- 
ing Well, and Shingle House pools and 
on a smaller scale in the Hebron Cen- 
ter, Corrysville, Glenhazel, Marsh- 
burg, Ormsby, Kings Run, and Wind- 
fall pools. Waterflooding in the Gaines 
and Cooper fields hasn’t been very suc- 
cessful. The Clarendon pool obtains its 
oil from the Clarendon sand while oil 
recovery from the other pools is ob- 
tained from the Bradford Third sand 
or a sand at approximately the same 
geological horizon. Fig: 5 is a graphic 


illustration of the oil production ob- 
tained from the Bradford district. This 
district, consisting of about 100,000 
acres, is in the northern crude oil pro- 
ducing district and includes the produc- 
tion of all of the Bradford (14 per cent 
lies in New York), Guffey, and Burn- 
ing Well pools. Over 90 per cent ef the 
production from the Bradford district 
comes from the Bradford pool. 

The peak year for primary produc- 
tion in the Bradford distict was 1881 
when 22,945,069 bbl of cude oil were 
produced, while the peak year in pro- 
duction by waterflooding was 1937 
when the production for the district 
amounted to 16,690,688 bbl. In Penn- 
sylvania’s waterflooding operations to- 
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methods. In 1953 the annual produc. 
tion had declined to 10,930,799 bbl. 

The Bradford district is currently 
producing about 45 per cent of all the 
Pennsylvania-grade crude oil. Abou 
556,096,000 bbl, or 5500 bbl per acre. 
had been produced by January 1, 1954, 
in this district, of which 257,498,000 
bbl can be attributed to natural pro. 
duction and 298,608,000 bbl to flood 
production. The total recovery jp 
Pennsylvania by secondary methods at 
the end of 1953 was 317,208,000 bbl, 
300,208,000 bbl were produced by 
waterflooding and 17,000,000 bbl by 
air or gas drive. Subtracting this total 
secondary recovery figure from the 
total oil produced at the end of the 
same period leaves 863,102,000 bbl 
total natural production. 

The northern district is producing 
85 per cent of the present Pennsylvania 
oil production, while the middle dis. 
trict is producing 11 per cent and the 
southern district 4 per cent. Most of 
the oil fields in the northern district 
are under secondary recovery devel- 
opment. A number of fields in the mid- 
dle and southern districts not yet pro- 
ducing under secondary recovery 
methods should respond favorably to 
air or gas drive. 

Of the Pennsylvania oil industry's 
103,886 wells, 25,362 are water input 
wells affecting 23,545 producing oil 
wells; 2185 are air or gas input wells 
affecting 7740 producing oil wells and 
the remaining wells, over 45,000 are 
oil producers, either natural or under 
vacuum. 


Technical Advances 
Probably more additional oil is be- 
ing produced from the Pennsylvania 











oil sands due to the combined improve- 
ment of oil techniques, rather than to 
any one new technique. Some of the 
factors which have increased the total 
amount of oil produced by waterflood- 


* AIR OR GAS ORIVE 

t WATER FLOODING 
Fig. 3. Generalized columnar section showing 
the oil bearing sands subjected to air or gas 
drive or water flooding in western Pennsylvania 


day there are about 25,362 water in- 
put wells affecing 23,545 producing 
wells. 


Reserves 

In Pennsylvania as of January 1, 
1954, it is estimated conservatively 
that there were 2,651,108,000 bbl of oil 
remaining in the known reservoirs and 
that a cumulative total of 1,180,310,- 
000 bbl of oil had been produced in- 
cluding 10,000,000 bbl that ran to 
waste in the early boom days. There- 
fore, a conservative estimate as to the 
original crude oil content of the known 
oil reservoirs in Pennsylvania, is about 
3,831,418,000 bbl. Of the oil remain- 
ing as of January 1, 1954, it is esti- 
mated that 110,892,000 bbl are proved 
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recoverable by primary plus secondary 
methods. Most of this recoverable re- 
serve will be produced by the north- 
ern district. In making this estimate of 
proved reserves, no value was given to 
secondary recovery possibilities in fields 
that are not now using these methods. 
The estimate is a conservative one and 
will probably be revised upwards in the 
next few years. 

The peak year in production by pri- 
mary methods was 1891 (Fig. 1), when 
a total of 31,424,000 bbl was produced. 
This peak was largely due to the flush 
production of the McDonald field. Fol- 
lowing a period of declining produc- 
tion, a secondary peak was attained in 
1937, when 19,990,000 bbl of crude 
oil was produced largely by secondary 


ing are: Improvement of drilling prac- 
tices, cleaning out practices, selective 
shooting and drillers’ logs; better in- 
terpretation of electric, gamma ray, 
temperature logs, etc., drill cutting de- 
scriptions and input and output infor- 
mation; better well spacing for maxi- 
mum oil recovery; better well location 
procedures, equipment and pumping 
schedules; increased knowledge of wa- 
ter treatment; the use of electric jacks; 
and, one of the most important, the 
education of the pumper and the roust- 
about in proper secondary recovery” 
procedures. 

The following can be said of the new 
techniques in waterflooding procedure 
in Pennsylvania. Selective plugging 
with a soft wax emulsion, a hard oil- 
insoluble resin emulsion, and various 
plugging agents in an oil mixture have 
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Dual completions in areas where productive 
acing horizons overlie one another have been com- 
“a K7\ = monplace for many years, but until recent 
i the ty. /\ A years, dually completed wells were dependent 
st of yaa =—2=5 on high reservoir pressure to produce the wells 
sa PALA Nas by natural flow. 
el- AN —" A . ‘ ; 
alt ATA IAIN Oilmaster Dual Zone pumping equipment 
pro- ar | LAIN makes it possible to pump simultaneously from 
very my <I YR two separate zones without comingling the 
ly to DTA aN fluids. Only one pumping unit and one tubing 
ATA LAW 
stry’s yale BY EK and rod string is required since the annulus 
input NPI si between the tubing and casing conducts the 
g il = Dg a IX lower zone fluid to the surface. 
wells SS ee ts a 
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Fig. 4. Crude oil producing districts in 
Pennsylvania 
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all been used successfully to some ex- 
tent. Selective shooting is in wide ap- 
plication. An experimental pilot flood 
using the Orco process (carbon dioxide 20} 
in flood water), has been tried. All pro- r 
ducers obtaining floodwater through an 
open system or air-free system treat 
and filter it, but more operators are 
changing to a closed system with no 
treatment or filtration. A pilot flood 
where the inputs were hydrafracted is 
now in operation—hydrafraction in- 
creasing the water input. Increased wa- 
ter input has had marked success when 
the input well is treated with hydro- 
fluoric acid and in some instances hy- 
drochloric acid, although acidizing is 
not yet in common use. The trend is to- 
ward back-pressuring and flowing 
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rather than pumping. Inter-drilling and 
delayed drilling is used to some extent. 
Field experiments have been made 
using wetting agents, smoke plugging, 
hot water injection and gas slugging. 
The use of bacteria to release oil from 
the sand has been used experimentally 
in the laboratory. One new technique 
of note, which probably will increase 
the total oil produced in a new devel- 
opment, is the injection into a water 
input well of about 400 M to 600 M 
cf of gas, depending on the in- 
dividual well, before starting the flood. 
The amount of increased oil produc- 
tion is rather hard to determine in this 
technique, but this practice is becoming 
common in water-flooding. In the 
realm of speculation is the use of high 
viscosity water for increased oil re- 
covery in waterflooding. 

Many of the above improvements 
and new techniques apply to air or gas 
drive. Probably two of the most im- 
portant field experiments in this method 
of secondary recovery are: (1) heating 
the sandface of the producer, which 
removes water blocks and paraffin, in 
some instances increasing the produc- 
tion fourfold; (2) back-pressuring and 
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flowing the producer rather than pump- 
ing. Both of these methods have been 
profitable in the two field experiments, 
but as yet they are not in common use. 
Pressure cycling, the build up and re- 
lease of gas pressure on the sandface in 
the producing well, has increased pro- 
duction on a number of properties. It 
is hoped that the use of surface active 
chemicals to remove water blocks from 
damaged producing wells will be suc- 
cessful. Probably the most important 
technique is the use of the “reverse 
seven-spot” for intensive air or gas 
drive. 
Summary 

Since the completion of the world’s 
first commercial oil well in Venango 
County, Pennsylvania in 1859, almost 
4 Million barrels of crude oil have been 
discovered in this state. Over 25 per 
cent of this oil has been recovered to 
date and 27 per cent of the recovered 
oil has been recovered by secondary 
methods. Most of the proved recover- 
able reserves of 110,892,000 bbl 
will be recovered by secondary 
methods. With the development of new 
techniques and a profitable price struc- 
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ture in the Pennsylvania oil industry, 
it should be possible to recover over 
500,000,000 bbl in addition to the 
above proved recoverable reserve. 
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PETROLEUM 


EXPLORATION 
WITH RADIO WAVES 


Fred W. Kelly, Jr. 


Part Il—Prospecting for Structure 


ALTHOUGH little is known by many 
geologists about the use of radio as a 
geologist’s tool, this method of explora- 
tion is not new. As early as 1932 work 
was started in Texas to try this method. 
Since the early trials, much research 
and application has been done by in- 
stitutions and organizations in the 
United States. The purpose of this re- 
search was to determine the relation 
between geologic conditions and radio- 
wave transmission and to evaluate the 
variations in radio-signal intensity or 

*This article prepared for The Petroleum En- 
gineer is based on a paper written at the Uni- 
versity of Tulsa as a course term paper. It won 
first prize in the first technical paper contest 
for students in the engineering college. The con- 
test, held in January 1954, was sponsored by the 
TU College of Petroleum Sciences and Engi- 
neering, and Tulsa chapters of American Insti- 
tute of Chemica] Engineers, American Institute 


of Mechanical Engineers, and Instrument 
Society of America. 
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some other measurable value of radio 
waves for application to geological 
and geophysical problems. 


Field Instrumentation 
The equipment to be used with this 
method must be sufficiently portable 
and at the same time capable of ac- 
curately measuring and recording 
changing signal intensity. Also, any in- 
terruptions or breaks in a radio beam 
must be detected and recorded. 
The equipment used by various 
workers is generally similar and con- 
sists of the following components: 


1. A_ sensitive radio receiver of 
portable design. 

2. An antenna (loop or vertical). 

3. A graphic recorder providing a 
continuous record on paper. 








P 306. 


FIG. 1. Illinois Geological Survey 
mobile field intensity equipment used 
for measuring radio wave signal 
strength. 


4. Speedometer linkage to the re- 
corder geared to give a continu- 
ous record corresponding to 
mileage covered. 

A variety of field instrumentation 
ranging from metering equipment in- 
serted into conventional automobile 
radios or into portable communication 
receivers to precise equipment for 
measuring field intensity has been used. 
The arrangement mentioned last is pre- 
ferred by most. 

The Illinios State Geological Survey! 
has been investigating the possibilities 
of the geologic aspects of radio wave 
transmission since 1945. After much 
testing, they finally selected a combina- 
tion of a commercial precision field-in- 
tensity meter, a 10-milliampere graphic 
recorder, and a speedometer drive ar- 
ranged so that records can be made 
against distance or time. 

Records against distance are prefer- 
able, with 214 in. of continuous record 
equal to one mile of covered road be- 
ing commonly employed. 

While there is a problem of avail- 
ability of roads, most work has been 
done with equipment installed in auto- 
mobiles. The Norman L. Stevens Com- 
pany” of Bangor, Michigan, however, 
has designed equipment that can be 
used in airplanes and automobiles, or 
carried on the backs of the operators. 
With this equipment a continuous rec- 
ord can be made in an airplane when 
traveling at 120 to 160 mph. Automo- 
bile records can be made at speeds of 
about 50 mph. 

The airplane surveys pick up only 
the major subsurface anomalies. These 
findings can be relayed to an automo- 
bile and finally to units packed by men 
in order to obtain detailed information. 
With most organizations, however, in- 
formation from automobile units is 
sufficient. 

Records are obtained using cali- 
brated shielded-loop antennas and also 
non-directional vertical antennas. Pre- 
cision measurements of signal strength 
in microvolts per meter are possible 
with the loop antenna, or relative sig- 
nal strength only may be recorded. 


Depth Penetration of Radio Waves 

Until very recently, it was the con- 
ventional belief among geophysicists 
and radio engineers that radio waves 
will not penetrate more than a few 
hundred feet into the earth. Now, how- 
ever, many believe that under proper 
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FIG. 2. Field-conditions map 
and geological cross-section in 
area of selected traverse along 
Illinois Highway No. 1 in Galla- 
tin County. The topography, the 
recognized possible field hazards 
such as power and telephone 
lines, bridges, bodies of water, 
railroad tracks, and the critical 
information on radio transmit- 
ters used for surveys of the area 
are shown on the sketch map. 
The geological cross-section at 
the bottom of the figure shows 
the structure and stratigraphy 
along the traverse line, crossing 
the Shawneetown fault. (Sur- 
ficial materials not shown.) 

FIG. 3. One record of signal 
strength along route shown in 
Fig. 2. Loss in field intensity in 
passing from younger Pennsyl- 
vanian strata (on which antenna 
of station WJPF is located at 
Herrin, [linois) north of the 
Shawneetown fault to older 
strata to the south of the fault 
is shown between stations 212 
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ILLINOIS STATE GEOLOGICAL SURVEY 


conditions radio waves at broadcast 
frequencies (550 to 1600 kc) and lower 
(radio range, military, etc.) penetrate 
the earth’s crust for considerable dis- 
tances. 

Many experiments in radio propaga- 
tion through rock have been made to 
test the efficiency of radio communica- 
tion in mines and caves. 

Wadley* conducted experiments on 
the transmission of radio waves in deep 
mines in South Africa. His experiments 
showed that transmission took place 
through the rock, and dependable 
transmission was obtained up to dis- 
tances of 2500 ft. 

Volker Fritsch* investigated the con- 
ditions of radio propagation in mines 
in the potassium salt deposits in Ger- 
many. In one instance reception was 
obtained between two mines 14 kilo- 
meters (about 8.7 miles) apart. 
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In most cases, experiments have 
demonstrated that radio waves do pene- 
trate the earth’s crust for some distance. 


Character of Electrical Indications 

Subsurface geologic features, under 
proper conditions, cause anomalous sig- 
nai intensities to exist at the surface 
above. These anomalies may be de- 
tected by using radio equipment, thus 
locating geologic features otherwise 
concealed in the subsurface. Once lo- 
cated, these geologic features may then 
be evaluated as to possible oil accumu- 
lations. 

The origin of intensity anomalies as- 
sociated with geologic features has been 
interpreted as due to the lithologic 
and/or chemical dicontinuities of the 
strata which result in electrical or mag- 
netic discontinuities such as changes in 
conductivity, dielectric constant and 
magnetic permeability. 

Others express their ideas for the 
variations as secondary fields interfer- 
ing with the primary fields, reflection 
and refraction of the primary field, and 
consideration of the action of the law 
of critical angles on a field after it once 
enters any substratum. 


Theoretical considerations of field- 
intensity behavior in earth materials 
have not been thoroughly treated as of 
yet; primary attention has been given 
to signal-strength behavior as measured 
in the field and to the factors control- 
ling this behavior. 


The Illinois State Geological Survey’ 
reports, “Best reception appears to take 
place where receiving and transmitting 
antennae are on or close to the same 
rock strata. If the physical dimensions 
of a rock stratum with high electrical 
resistivity are compatible with those of 
the wave lengths of the signals used, 


railroad tracks are also recorded. 
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and if the stratum is bounded above 
and below by shales or other beds with 
low electrical resistivity, radio fields ap- 
pear to be carried by the bedrock 
stratum, in effect, as a wave guide.” 

If this wave-guide concept of radio 
transmission is confirmed by further 
geophysical investigation, many impor- 
tant practical applications may be put 
into use. By energizing selected strata 
the areal extent and structure of geo- 
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FIG. 4. Network of intersecting faults as 
determined by a series of radio-intensity 
surveys along traversable roads in the 
area around Jourdantown, Texas. The sur- 
vey not only determines the trend of the 
faults, but indicates the up-and-down 
throws of the individual faults enabling 
the spotting of wells on a favorable 
prospect. 


logic formations might be identified. 
Detection of metallic ore deposits and 
lithologic changes, such as reefs in 
limestone, may be possible in the future 
by radio methods. 

Radio waves either penetrate to 
greater depths than some theories show 
possible, or the anomalies which are 
determined are caused by differences in 
physical properties brought about by 
the presence of oil or gas at depths, or 
by structure, or both. 


Application of Method 

Only continuous signal-intensity rec- 
ords made in areas where no “sky 
wave” signals are observed during the 
daylight hours are used to outline 
geological conditions in the subsurface. 
This is to eliminate error and confu- 
sion due to reflected waves from the 
ionosphere or troposphere. 

Using these records, iso-intensity 
contour maps may be constructed. 
These contour maps will locate struc- 
tures such as: Anticlines, synclines, 
noses, and normal dips. The surface 
and near-surface traces, and sometimes 
other features of faults, can be deline- 
ated very accurately. 

At the present time, no data can be 
derived from radio-transmission curves, 
recorded by the previously discussed 


















































equipment, which indicate the depth 
of any recorded structural condition. 
Of major significance is the fact that 
hundreds of traverses over known 
geologic structures show that these 
records will continually duplicate them- 
selves when rerun. In addition, it has 
been shown that the records show both 
gradual and sudden changes in in- 
tensity. 

The possibility of radio-intensity 
prospecting for ore bodies is indicated 
by the interpretation of some workers 
that concentrations of pyrite, marcasite, 
and associated zinc and lead ores at 
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shallow depths cause prominent signal 
anomalies in some localities. 

In interpreting radio-intensity rec- 
ords for geologic information, the in- 
terpreter must be able to recognize the 
effects of wires, streams, bridges, rail- 
road tracks, metal fences, topography, 
vegetation, etc., all of which are usually 
encountered along the traverses. 

As examples of the applications of 
this method, consider the following 
illustrations. Fig. 1, 2, and 3 are taken 
from an Illinois State Geological Sur- 
very circular. Fig. 4 and 5 illustrate 
maps which may be constructed from 
radio surveys.*° 








Conclusion 

Prospecting for geologic structure 
with radio waves, although in the ex- 
perimental stage of development, has 
several distinct advantages. Continuous 
records, made without stopping (as 
must be done with much geophysical 
equipment) result in high-speed opera- 
tion at low cost. 

This method should be used with 
other geologic and geophysical methods 
which are applicable in the area in- 
volved. For instance, faults, which are 
not always picked up by seismic meth- 
ods, could possibly be picked up with 
radio methods. 


FIG. 5. Contours on iso-intensities of 
broadcast fields as developed for area 
northwest of Falfurrias, Texas, with loca- 
tion of two faults. Survey was conducted 
on a network of intersecting roads not 
shown on this map. 
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— Part Il—Direct Location of Oil Accumulations 
THE thought of directly locating oil materials in nature, by varying degrees 
fields by electrical means is not new. of selective absorption. This means that 

™ The electrical properties of petroleum rock strata will transmit electromag- 
differ markedly from those materials netic waves of a particular frequency 
that enclose it in nature, and many band with far less absorption than 
workers have attempted to develop elec- other frequencies. Frequencies they ar- 
trical instruments that can make use of __ rived at, however, were ill adapted to 
these differences in directly locating oil. the transmission past the air-earth 

The necessity of concentrated paths boundary, or for concentrating the 

of flowing electrical energy to probe wave energy along controlled paths; 
the subsurface seems to eliminate direct each is a fundamental requirement. It 
current and low-frequency alternating became necessary for them to develop 

gnal current. Easily focused high frequency _a basically new mechanism to solve the 
electromagnetic waves seem to be the problems. 

= answer. Reflection of these high fre- The new mechanism, which William 

- quency waves at the surface, absorp- M. Barret, Inc. developed and is now 

to tion a comparatively short distance in _using, will be covered in what follows. 


h the earth, and necessity of seemingly 
pny, elaborate antenna systems are the prob- 








The rest of this article is based on 
material and illustrations from the 
Radoil method of the William M. Bar- 


ret geophysical laboratory. 


Principle of Operation 

Concentrated paths of electrical 
energy are obtained in the manner 
illustrated in Fig. 6. Radio waves of 
the proper frequency are emitted by 
a transmitter, which is usually referred 
to as the “exciter,” which directs a 
“surface wave,” 1, along the air-earth 
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FIG. 6. Wave paths utilized by the 
radoil method. 


boundary, 2. As the surface wave 
moves to the right, rays progressively 
are refracted at the interface and enter: 
the subsurface along a multitude of 


parallel ray paths, such as path 3, and 


travel downward toward a reflecting 


formation 4. Formation 4, which may 
be a porous reservoir carrying salt 
water and/or oil, partially refracts the 
rays downward and partially reflects 
the rays back to the surface 2. The rays 
are again refracted at the air-earth in- 
terface to the receiver R. The reflected 
rays reaching the receiver are in space 
phase and time phase, and they there 
fore reinforce one another in actuating 
the receiver. 

The lowest points of the subsurface 
ray paths are used to “scan” a reservoil 
for oil accumulations. The presence of 
oil causes a significant difference in the 
character of the reflected rays and the 
difference is made evident by mixing 
the reflected rays with the reference 
wave 1 which travels the earth’s sur- 
face to the receiver. 


Penetration of Radio Waves 

Geophysicists and radio engineers 
have, until recently, believed that radio 
waves do not penetrate more than a 
few hundred feet into the earth. In 
order to disprove this criticism of its 
method, William M. Barret, Inc. dem- 
onstrated to a group of scientists that 
radio waves can be transmitted from a 
portable transmitter at the earth’s sur- 
face to a receiver located at a depth of 
700 ft in abandoned workings of the 
Kleer salt mine*? at Grand Saline, 
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Salt Water 


FIG. 7. Neutral profile over an anticline that carries no oil deposit. FIG. 8. Diagnostic and boundary anomalies over an oi! deposit 


associated with an anticline. 
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FIG. 9. Diagnostic anomaly observed over south bound- 
ary of Ada field, Webster and Bienville parishes, Louisiana. 
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FIG. 10. Boundary anomaly and diagnostic anomaly observed 
over north boundary of Big Foot field of Frio County, Texas, 





Texas. Strong signals were received 
from a small transmitter (radiated 
power of 1.5 w) after traveling through 
a complex geologic section 700 ft thick. 
Evidence seems to disprove the idea 
that the signals actually reached the 
receiver by traveling through the mine 
shaft. This test apparently showed that 
the Radoil method provides an effective 
mechanism for transmitting radio 
waves through the earth. 

Oil boundaries lying at a depth of 
9000 ft have been satisfactorily in- 
vestigated. Probably the method may be 
applied effectively at greater depths. 


Equipment 

The instrumentation involved con- 
sists of an exciter and a receiver. The 
exciter, mounted in a light truck, 
generates electro-magnetic waves at a 
constant frequency and has a system of 
controls for keeping the amplitude con- 
stant. The antenna connected with the 
exciter is directional and is oriented in 
line with the profile being run. 

The receiver is portable and designed 
to operate at constant gain when re- 
ceiving the waves from the exciter. The 
receiver antenna is a square loop 
mounted on a Johnson-head tripod. 


Field Procedure 


In running a profile with this 
method, the exciter remains fixed in 
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position while the receiver occupies 
successive stations away from the ex- 
citer. After a series of readings has 
been made on a particular profile the 
exciter is moved to another location 
and the receiver occupies stations along 
the same or a different profile. Con- 
siderable technique is required to 
manipulate the exciter and receiver 
placement, which is somewhat critical, 
to obtain the diagnostic anomaly that 
is the definite indication of an oil ac- 
cumulation. 


Character of Electrical Indications 

When the exciter is in a certain posi- 
tion with respect to the edge of an oil 
accumulation, an anomaly of a char- 
acteristic type is found on the trans- 
mission curve (graph of signal intens- 
ity versus spread to exciter). A definite 
type of anomaly which is called a “diag- 
nostic anomaly” is found over the near 
edge of the oil accumulation. On the 
same curve or on other curves a dif- 
ferent type of anomaly is observed over 
the far edge of the accumulation which 
is called a “boundary anomaly.” 

If no oil is present beneath the pro- 
file a “neutral curve” is obtained. These 
characteristics are illustrated in Fig. 
7 and 8. The dimensions of both the 
diagnostic and boundary anomalies 
change with the depth to the oil ac- 
cumulation, which governs spacing be- 
tween the exciter and the receiver sta- 





tions. The farther they are spaced, the 
deeper the investigation. 

The development of the diagnostic 
anomaly may be explained by wave re- 
flection from the reservoir stratum 
ahead of the oil boundary, by “diffrac- 
tion” at the boundary, by amplitude 
and time phase changes that occur be- 
tween the rays reflected by the oil 
stratum, and by the mixing of the re- 
flected waves with the surface wave. 


Application of Method 

The Radoil method is useful for de- 
termining if oil lies beneath an undrilled 
wildcat prospect located by other geo- 
physical or geological methods. Also, 
the method will outline the areal extent 
of a wildcat oil accumulation thus al- 
lowing an estimation of reserves to be 
made before drilling. 

Another application to which the 
method is especially adaptable is the 
mapping of the areal extent of oil de- 
posits already established by one or 
more wells. With this procedure, called 
the ‘“Radial-Traverse Method,” tra- 
verses radiate from a centrally located 
exciter positioned near a discovery 
well, and the areal extent of the oil is 
found by interconnecting the boundary 
anomalies obtained along the radial 
traverses. The results obtained can be 
used to plan lease buying and the drill- 
ing of development wells. 
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<@ TWO ZONES PRODUCED 
INDEPENDENTLY IN ONE WELL 
BY THE USE OF TWO PUMPS 
WITH SEPARATE STRINGS 
OF TUBING AND RODS. 


New LUFKIN “Flush Type” hanger 
bar with built-in polished rod clamp 
makes possible the operation of two 
strings on as close as 3% inch centers. 


FOUNDRY & MACHINE COMPANY 


LUFKIN, TEXAS 


ach Sales and Service: Houston @ Dallas ® New York @ Tulsa @ Los Angeles @ Seminole © Oklahoma City © Corpus Christi Odessa 


Kilgore © Wichita Falls © Casper, Wyoming @ Great Bend, Kansas © Effingham, Illinois © Sterling, Colorado 
Lafayette, Louisiana @ Bakersfield, California © E! Dorado, Arkansas 


‘uinment in Canada is handled by THE LUFKIN MACHINE CO.. LTD.. 14321 108th Avenue. EDMONTON, ALBERTA, CANADA 
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The approximate depth of the oil ac- 
cumulation is said to be obtainable 
from the anomaly within five per cent, 
plus or minus, of the true depth. The 
S. spread (exciter to near-boundary dis- 
tance) and the length of the boundary 
anomaly are closely related to the depth 
of the accumulation and are used to 
estimate it. 

Where multiple oil zones are ver- 
tically separated 500 ft or more, they 
may be individually located and 
mapped, according to William M. Bar- 
ret, Inc. 

The application of the Radoil method 
may result in the location of oi! that 
lies in hitherto undetectable strati- 
graphic and structural traps. 


Limitations 

Radoil is a detailed method of pros- 
pecting, and cannot be used effectively 
as a reconnaissance method. Oil must 
be actually located directly below the 
profile or no indication will result, 
hence a reconnaissance profile would 
pass by an adjacent oil accumulation 
with no indication. 

Since the method locates only the 
edges of the oil accumulations (it is 
the contrast between the electrical 
properties of the oil and the surround- 
ing water or rock which produces the 
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anomaly), no evidence of the oil would 
show up if the exciter and all the re- 
ceiver stations were situated over an 
oil deposit. 

Another important limitation is that 
the width of an oil deposit must be at 
least 1% times its depth below the 
surface in order to develop a diagnostic 
anomaly. For smaller fields, the 
boundary anomaly may be used to de- 
fine the limits of the oil accumulation, 
although this procedure is considered 
less reliable than when the diagnostic 
anomaly is employed. 


Examples of Past Applications 

In Fig. 9 is shown a Radoil profile 
which was obtained along a traverse 
that crossed over the Ada field,? Web- 
ster and Bienville parishes, Louisiana. 
This profile displays a diagnostic anom- 
aly of acceptable character. The wells 
in this field are producing from a depth 
of about 6700 ft. 

A profile to test the reception of the 
boundary anomaly was run on the Big 
Foot field? of Frio County, Texas. Oil 
had been discovered at a depth of about 
3500 ft, and the field was believed to 
extend some distance to the east. Pro- 
files were run about a mile east of the 
nearest drilling well. Profile A, in Fig. 
10, was run from the south and Pro- 


file B, Fig. 10, was a reverse of the 
same profile. On the north end of Pro- 
file A a fairly strong boundary anom- 
aly was received indicating the edge 
of an oil accumulation at depth of 
about 3400 ft. This indication was 
checked by running the profile back- 
wards, in which case Profile B was ob- 
tained indicating the field edge only 
500 ft from Profile A’s indication. 
Note the close correlation of the 
depths proved by drilling and indicated 
by the method (3500 to 3400 ft). 
February 4, 1944, marked the com- 
pletion of the Radoil survey of the New 
Hope field? in Franklin County, Texas. 
This field contained four known oil res- 
ervoirs in the Trinity group of the 
Lower Cretaceous series lying at depths 
around 8000 ft. Near the end of 
1943, William M. Barret, Inc. was re- 
tained by Barnsdall Oil Company and 
Sohio Producing Company to make 4 § 
Radoil survey for the purpose of map- 
ping the outer limits of the oil-satur- 
ated area then in production, without 
regard to the patterns of the individual 
reservoirs. Using the outermost elec- 
trical indications of acceptable grade 
(55 indications were used) a dashed 
outline was arrived at. Fig. 11 shows 
the New Hope field with the dashed 
Radoil outline and the production limit 
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torily surveyed with good anomalies re- 
‘ corded. 
; Conclusion 
af The results of past work done with 
the Radoil method have been favor- 





sary to evaluate fully the limitations 
and possibilities. Once the method is 
generally accepted, it should be a valu- 
able tool in proving the presence or ab- 
sence of oil. 

History shows that as one petroleum 
exploration method has faded, a new 
one has replaced it. Perhaps the radio 
method is about to make its appear- 


p able, but further field studies are neces- 
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Drill bits penetrate many doubtful pay zones... 
doubtful despite the advanced techniques in evalu- 
ating formations. In these zones the drill stem test still 
remains the most economical method for evaluating 
the producing potential of a reservoir. 


A drill stem test can: 


1.Evaluate the formation’s ability to produce fluid 
2.Obtain a fluid sample at the time of the test 
3.Indicate the producing capacity of the reservoir 
4.Record shut-in and flowing bottom hole pressures 
5.Record hydrostatic pressure exerted by mud column 
6.Check a formation suspected of taking mud 


7.Provide graphic pressure vs. time record of well 
bore condition and flow performance for analysis 
of test results 


8.Check effectiveness of casing cement job 


All this important information can be obtained at low 
cost by Halliburton’s Hydro-Spring Test, by far the 
best in drill stem testing. It’s the most economical 
method known to evaluate potential...so why pass 
up any possible pay? Phone your local or district office 
of the Halliburton Oil Well Cementing Company. 
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PREDICTING RESERVOIR PERFORMANCE 


Presentation of three numerical integrating procedures for 


estimating future action of solution gas drive formations 


D. M. BASS and PAUL B. CRAWFORD 


SoLUTION gas drive reservoirs constitute perhaps the most 
common type oil reservoir being produced today. They pro- 
duce oil principally by virtue of the energy stored in the 
dissolved gas. The production performance curves of a solu- 
tion gas drive reservoir are unique and may be distinguished 
from the performance curves of water drive or gas cap drive 
mechanisms. It is sometimes a difficult task, however, to 
determine the producing mechanism early in the life of the 
oil reservoir. 

This is especially true when a combination solution gas and 
water drive are present. An oil reservoir producing primarily 
by solution gas drive may have a weak natural water drive, 
yet the presence of the latter may not be known until some 
intermediate stage in the life of the reservoir. 

If there is no water drive and no gas cap present, the shape 
of the gas-oil ratio and pressure decline curves may be simi- 
lar to those shown in Fig. 6. The peak gas-oil ratio may be 
slightly displaced to the right or left depending on the prop- 
erties of the reservoir fluid and porous media. The usual 
solution gas drive reservoir, if permitted to produce of its 
own energy to its economic limit, may produce from 15 to 
50 per cent of the original oil in place. 

The actual oil recovery is determined largely by the prop- 
erties of the reservoir fluids and the porous media. In real- 
ization that no two oil reservoirs are identical in every detail; 
each oil reservoir is unique and should be so treated. Broad 
generalizations concerning the effect of various properties 
on the oil recovered from the several types of reservoirs may 
lead to considerable variation between the postulated and 
observed result. 

In solution gas drive reservoirs there are many properties 
of the reservoir and its contained fluids which effect the oil 
recovery. These properties include the oil and gas viscosities, 
fluid saturation distribution, permeabilities, oil shrinkage, 
etc., all of which have been related into a single equation by 
Muskat* from which the cumulative oil and gas production 
may be estimated. 

Equation 1, which required many assumptions in its de- 
tivation and may have neglected parameters which observa- 
tions will later validate, remains as the fundamental equation 
for predicting solution gas drive performance. The purpose 
of this paper is to illustrate and compare three methods of 
solving Muskat’s equation. 
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Where: 
0 = viscosity of oil, cp. 
ug = viscosity of gas, cp. 
kg = effective gas permeability 
ko = effective oil permeability 
po = oil saturation, fraction of pore space 
pW = water saturation, fraction of pore space 
P = reservoir pressure, psia 
y = felative gas density, scf/reservoir cu ft 
Bo = oil formation volume factor, res. bbl /stb, 
R = producing gas-oil ratio, scf/stb 
So = solubility gas-oil ratio, cu ft/cu ft 
5.61 = conversion factor, cu ft/bbl 
Equation 1 is not a simple differential equation and can 
only be solved analytically under special conditions; it is 
usually necessary to use graphical or numerical means for 
a solution. For ease in solving Muskat collected terms as 
functions of pressure, with which he rewrote equation | as 
follows: 
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In estimating reservoir performance, equation 1 is general- 
ly applied to the reservoir as a unit (without considering 
localized variations). Where sufficient data are available it 
may sometimes be applied, however, with a higher degree of 
accuracy, to a small segment of a reservoir, i.e., a lease. In 
the latter case anomalies of pressure and saturation can be 
taken into consideration, but caution should be exercised to 
insure that a proper drainage area is used for the lease. In 
large reservoirs it is a generally accepted practice to divide 
the reservoir into segments of similar characteristics and 
solve the equation for each segment individually. 

Equation 1 shows that the change in reservoir oil satura- 
tion with pressure is equal to the sum of three terms divided 
by the sum of two terms. The right hand side of the equa- 
tion has three terms +(p), e (p) and n(p), all of which are func- 
tions of reservoir pressure. The value of these functions must 
be known at each pressure in order to solve the equation. 
Means of securing the required data and its preparation for 
solving the equation are indicated below. 


Methods of Solving Solution Gas Drive Equation 

Laboratory and/or Field Data. In order to apply equation 
1, it is normally required that the following information be 
obtained on the reservoir: The pore volume of the reservoir, 
the average initial reservoir pressure, and the volume per 
cent of oil, water, and gas in the pore volume. Since at the 
time most engineers are assigned to estimate the performance 
of a solution gas drive reservoir or lease, the reservoir is in 
intermediate stage of depletion, the following methods will 
show the data and procedure required in estimating the fu- 
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ture production characteristics from any stage in the reser. 
voir life. 

Other reservoir and fluid properties required in making 
the calculations include: 

Values of k,/k, as a function of oil saturation; in lieu of 
suitable field data it is suggested that laboratory data from 
respresentative core samples be used. Typical data are shown 
in Fig. 1. 

Ratios of the viscosity of oil to gas as a function of pres. 
sure; this can perhaps be provided by laboratory data on the 
particular reservoir fluids. Such data are shown plotted in 
Fig. 2. 

Solubility of the gas in the oil at various pressures up to 
reservoir pressure; shown in Fig. 3. 

Density of the reservoir gas at various pressures up to res- 
ervoir pressure; shown in Fig. 4. 

Formation volume factors of the oil at various pressures 
up to reservoir pressure, shown in Fig. 3. 

The above data should be obtained at the reservoir tem- 
perature. 

With the exception of the permeability and gas viscosity 
data, most of the other information is normally supplied in 
tabular and graphical form in standard fluid analyses from 
petroleum engineering laboratories. 

Preparation of the Data. After the above data have been 
secured the remaining effort consists primarily in preparing 
the tables and graphs necessary in facilitating the calcula- 
tions. The evaluation of the functions «, A(p), e(p) and »(p) 
are particularly significant. 

Evaluation of alpha, < (p) 

Referring to equation (3) it will be seen that 


“se 
As each member of the term on the right hand side of the 


the equation is a function of pressure, it is suggested that 
three curves be plotted with pressure as abscissa (X-axis) and 


with y, 8, and fe as the ordinates (Y-axis) respectively. A 
g 
table, such as Table 1, is prepared with reservoir pressure 


as the first column, y as the second column, £, as the third 
Ko 


Mg 


column, as the fourth column, and « as the last column. 














FIG. 2. 





Figures 1 through 5 
reproduced after Mus- 
kat “‘Physical Princi- | 
ples of Oi] Produc- 
tion” (McGraw Hill— ' 
1949) page 412. 
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new 


hydraulic 
casing tong 
faster 
more powerful! 


Mason- Carlton, the first hydraulic powered casing tong, 








offers additional speed and flexibility for running and 
retrieving casing. This light weight, versatile tool is able 
to handle 4%” OD through 11%" OD casing by a quick 
change of die blocks within the same housing. Smooth, 
constant hydraulic power, coupled with torque control 
and indicating instruments, provides high speed spinning 
and uniform make-up. 



















MASON-CARLTON TOOL COMPANY 


MANUFACTURERS 





MASON: CARLTON 
7743 EAST ADAMS STREET, PARAMOUNT, CALIFORNIA \ TOOL compan ileal lati 


provides permanent record of 
torque applied to each joint, plus 

















running time. é 
SHERMAN POWER TONGS, INC. 
ODESSA, TEXAS MIDWAY FISHING TOOL CO. 
For service: HOBBS, NEW MEXICO LONG BEACH, CALIFORNIA 
BAKERSFIELD, CALIFORNIA 
BOB CANTWELL CASING CREWS, INC. . 


OKLAHOMA CITY, OKLAHOMA THORSON TOOL CO. 
ALMA, OKLAHOMA EDMONTON, ALBERTA 
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Reservoir Pressure — 10° psia 











P 4% Bo 


Ho/ Ug a 
2500 ~ 236 1.308 30 9250 
2250 215 1.265 31 8450 
2 187 1.235 34 7850 
1750 168 1.207 36 7300 
1500 139 1.185 41 6750 
1250 112 1.161 46 6000 
1000 87.1 1.137 53 5250 
750 62.9 1.115 62 4350 
500 41.8 1.098 7 3350 
250 20.9 a 2000 





Beginning with reservoir pressure or a convenient incre- 
ment above reservoir pressure as the first entry in the pres- 
sure column, then proceed to form a diminishing arithmetic 
series using a convenient difference in pressure, such as 
2500, 2250, 2000, etc. Using the 3 previously prepared graphs 


of y, 8, and insert their proper values in the table oppo- 


Mg 
site the column of pressures. Solve equation 3 for the proper 
values of «. Plot a curve of « versus pressure. This is 
shown in Fig. 2. 


Evaluation of eta, »(p) 
The term »(p) is given by: 





__= 4B, 
7(P) re Y Bo? dP 
A suggested procedure for evaluation eta, n(p), is indicated 


here. Prepare a table with columnar headings similar to 
Table 2. 


In Table 2 column | represents the reservoir pressure and 








| TABLE 2. Suggested table form for evaluating Eta. 





1 2 3 4 ae 6 7 8 9 10 
a ™ are é Bo at n(P) X 
P AP B Ap AP Pave a y Pave 102 
2625 1.3300 
2375 250 1.2855 0.0445 0.000178 2500 9250 236 1.308 0.410 
2125 250 1.2477 0.0378 0.000151 2250 8450 215 1.265 0.370 
1875 250 1.2177 0.0300 0.000120 2000 7850 187 1.235 0.330 
1625 250 1.1917 0.0260 0.000104 1750 7300 168 1.207 0.310 
1375 250 1.1692 0.0225 0.0000899 1500 6750 139 1.185 0.310 
1125 250 1.1487 0.0205 0.0000820 1250 6000 112 1.161 0.325 
875 250 1.1285 0.0202 0.0000809 1000 5250 87.1 1.137 0.375 
625 250 1.1083 0.0202 0.0000809 750 4350 62.9 1.115 0.450 
375 250 1.088 0.0203 0.0000812 500 3350 41.8 1.098 0.540 
125 250 1.0680 0.0200 0.0000800 250 2000 20.9 1.077 0.660 





*For Afo to be accurate to three digits it is necessary that Bo be plotted 
so that it can be read to the accuracy shown. 
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should be tabulated in a decreasing arithmetic series, i.e., 
with a constant increment: an increment of 250 psia is shown 
here. Column 2 represents the difference in successive pres- 
sure increments of column 1. The third column shows the 
values of 8, at various pressures. In the fourth column 
AB,/AP represents the difference between successive entries 


in column 3. Column 5 is obtained by dividing each entry in 
column 4 by the values in column 2. Column 6 represents the 
average pressure at which column 5 holds true. 

Pressure values in column 6 are equal to those in column 
1 minus % A P. Columns 7, 8, and 9 represent the values of 
«x, 8, and £, at the pressures shown in column 6. To com- 


pute eta, n(p); multiply the ratio in column 5 by the term in 
column 7, divide by the term in column 8 and the square of 
the term in column 9. After obtaining y(p), column 10 a 
graph should be prepared of » versus pressure values from 
columns 10 and 6 respectively. 

Evaluation of Lambda, )(p) 


The following expression represents \(p): 


dSo 


MP) =", dP 


The value of ) may be determined by a similar procedure 


as that described for ». A suggested tabular form to aid in 
the calculation is shown in Table 3. 


TABLE 3. Suggested table form for evaluating lambda. 





1 2 3 4 5 ss 6 1 . a 
P AP So ASo [48°/5.614P] Pave Bo (P)X10° 
2625 1160.6 
2375 250 979.6 191 0.136 2500 236 1.308 0.440 
2125 250 «831.6 ~=—:148 0. 105 2250 215 1.265 0.385 
1875 250 «708.6 = 123 0.0877 2000 187 1.235 0.380 
1625 250 593.1 115.5 0.0832 1750 168 1.207 0.410 
1375 250 «486.6 «= 106.5 = (0.0758 1500 139 1.185 0.460 
1125 250 «387.9 98.7 0.0703 1250 112 1.161 0.54 
875 250 «204.8 = 93.1 0.0664 1000 87.1 «1.137 —0.67 
625 250 2083 86.5 0.0616 750 62.9 1.115 0.88 
375 250 «121.3 87.0 ~—(0. 0620 500 41.8 = 1.098 1.35 
125 250 31 90.3 0.0642 20 «20.9 «I 








* The constant 5.61 converts from cu ft/bbl to cu ft/cu ft. 


It should be pointed out that columns 7 and 8 (Table 3) 
should be the values occurring at the pressures shown in 
column 6. Column 9 should be plotted versus column 6. This 
is shown in Fig. 5. 
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collapsed & 
easing and 
liners with an 


CASING 
ROLLER 


The Eastman CASING ROLLER is the most efficient, 
effective and economical way to roll out collapsed 
casing and liners to their original gauge. 


The body and rollers of the Eastman CASING ROLLER 
are made of specially heat treated steel, and the 
roller ends are tapered to prevent snagging. Con- 
tinuous rolling surface minimizes friction and vibration. 
There is also circulation through the tool and around 
each roller. 


These CASING ROLLERS are available 
in API sizes for casings with inside diam- 
eters ranging from 242” to 17%”. Other 
sizes made to order. 





Call the Eastman office nearest you. 
Consult your telephone directory. 


Eastman Oil Well Survey Company 
Co) [ewe :17-\el, ee 9) 1 A ce) 
Export Sales and Service: 


EASTMAN INTERNATIONAL COMPANY 
P.O. Box 1500 a Denver, Colorado; U.S.A. 
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Evaluation of epsilon, <(p) 
The value of ¢(p) is given by the following relation: 
1 dy 
e(p) = > WP 
The above may be evaluated by a similar procedure as 


that described for n(p). A suggested table to aid in the cal- 
culation is shown below as Table 4. 








TABLE 4. Suggested table form for evaluating epsilon. 





1 2 3 4 5 6 7 8 9 

P AP Y Ay Ay/AP Pave Y 1/y e(p)X10° 
2625 245.0 
2375 250 223.2 21.8 0.0874 2500 236 0.00424 0.370 
2125 250 200.1 23.1 0.0925 2250 86215 0.00465 0.430 
1875 «= 250—Ss«176.3 23.8 0.0954 2000 8=:187 0.00535 0.510 
1625 250 150.3 26.0 0.1042 1750 =.:168 0.00595 0.620 
1375 250 124.3 26.0 0.1042 1500 139 0.00720 0.750 
1125 250 99.1 25.2 0.1009 1250 112 0.00893 0.900 

875 250 75.2 23.9 0.0958 1000 87.1 0.01148 1.10 

625 250 52.8 22.4 0.0893 750 62.9 0.0159 1.44 

376 250 31.4 21.4 0.0857 500 41.8 0.0239 2.05 

125 250 10.5 21.9 0.0878 250 20.9 0.0479 4.20 








Column 7 (Table 4), should show the values y occurring 
at the pressures shown in column 6. A plot should be made 
of column 6 versus column 9. This is shown in Fig. 5. 

The solution gas drive equation 2 may be solved by sev- 
eral methods, and it is a purpose of this paper to describe 
and compare three of these methods.* All of the methods 
presented here represent approximate solutions; however, the 
degree of accuracy of these methods is probably greater than 
the reproducibility of core and fluid analysis data. Any one 
of the methods described here may be applied to a reservoir 
or lease in a fairly short time. 

The methods which are presented here for solving the 
solution gas drive equation are not new. They were originally 
presented in the literature some 50 years ago.?»?»8.5 In re- 
alization that the reservoir engineer may not have the time 
nor opportunity to find and review these methods, this paper 
has been prepared to illustrate these published means of solv- 
ing Muskat’s solution gas drive equation. 





*Muskat suggested the use of the Milne and Runge-Kutta methods in 
solving the solution gas drive equation. 
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Method of Successive Approximations. Of the three 
methods presented here the method of successive approxi- 
mations is perhaps the most universally known and used.® 
In its application it is necessary to have sufficient data at 





initial conditions with which the slope of 


termined. After determining the initial slope and choosing 
the pressure increment (A P), successive values of oil satura- 
tion (p,, rho) are obtained in the following manner: 

For trial value of p, at P, = P, —AP 


dpo 
ae p 
(poe — (po), ( dP ) A P e . ° ° ° ° (4) 


) can be deter- 








Solve equation 2 for t= using values y(p), e(p), A(p), 


(p,.) and po/pug as determined by (P), and ,(p,),. Using the 


d 
new value of the slo Po 
Pe ap J. 


trial value of the oil saturation »(p). as follows: 


i) d po 
(p0), = (po), — lap), * (3). AP. (3) 
2 


Solve equation 2 using pertinent values corresponding to 
the oil saturation ,(p0), and obtain the value of the new slope 





determine the second 





d 
(5) , at ,(p.)o. Solve equation 6 


- ill d p oO od p AP 
3(p)s = (po); (Se), + CH). - a 


for a new value of the oil saturation at P,. This procedure is 
continued until the values of ,_,(p0), and ,(po), are identical 
to the desired number of significant figures. 





**:( )2 The subscript on the right of the parenthesis represents the 
point being solved for; the subscript on the left represents the sequence 
of trial values used to determine the correct value. 
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Oil well operators well know the benefits of using 


Chicago Pneumatic Three Cone Rock Bits. For with 
deep penetrating action and fast cutting speeds, 

they not only drill more feet per day but afford tops 

in durability and dependability as well. CP Three 
Cone Rock Bits are available in seven different types 


pore space 


for all kinds of formations, from soft to exceedingly 
hard and abrasive. Write for information, 

Oil Tool Division, Chicago Pneumatic Tool Company, 
5000 U.S. Highway 81 South, Fort Worth, Texas. 


Saturation, 


oil 


© Chicago Pneumatic 


GENERAL OFFICES: 8 East 44th Street, New York 17, N. Y. 
IN CANADA: 10103 81st Ave., So. Edmonton, Alberta, Canada 
IN MEXICO: D. R., Rosas Moreno No. 41, Mexico City, D. F., Mexico 


PETROLEUM MACHINERY CORPORATION: 30 Rockefeller Plaza, New York 20, 
N. Y. (Export agent, exclusive of Mexico and Canada) 


THREE CONE BITS REAMING BITS e REAMERS DRILL COLLARS goto) Gm leli. is * JUNK BASKETS 
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A sample calculation of this method follows: 


(po), = 0.700 
= 2500 psia 

(22) A) po + (1 — po — pw) e (P) -F 9 (P) po ¥ 
or zs, 


(8+) 





d @ po 

dP fl 
(0.00044) 0.7 +- (i - — - 0. 7 — 0.3)9. 00037 + (0.0041) (0. 7) ( (0) 
1 + G0) (0.0) 


= 0.000308 








with A P = 250 psi 
(pog = 0.7 — (0.000308) 250 = 0.623 (first trial) 
with po = 0.623 and P = 2250 
d ¢@ po 
‘dP 
(0. 000385) 0.623 + (1 — 0.623 — .3) « 
(0.00043) +- (0. 0037) (0. 623) ( (0) 
I+ G1 ©.0) 














= 0.000273 
Then 
0.000308 + 0.000273 
2(p0). = 0.7 — in 250 
= 0.6275 (second trial) 
Then 
dp 
a = 
(0. 000385) 0.6275 + (1 — 0.6275 — 0.3) « 
(0.00043) + (0.0037) (0.6275) (0) 
1 + 31 (0) 
= 0.000273 
Then 
0.000308 +- 0.000273 
,(p0), = 0.7 — + << (250) 


= 0.6275 (third trial) 


As ,(p0), and ,(po), are identical through the first 4 digits, 
0.6275 can be used as the oil saturation at a reservoir pres- 
sure of 2250 psia. 

The same procedure is followed in solving for the oil sat- 
uration at the next lower reservoir pressure, that is where 




















P,=P,—2AP=P,—AP (7) 
Then 
d po 
:(p0),, = (pO). eee ( d P ) my P - “ 7 (8) 
{ dpo (3 
(po), = _(pO). — G 43 7. is). AP (9) 
ae 
| dno dpo \ P 
_{pO),, a s(p). > (SB). T ( dP ) 





(10) 


The values of the slopes are obtained in each case by solv- 
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ing equation 2. This procedure is continued stepwise for each 
successive pressure until the oil saturation at the lowest pres. 
sure of interest has been computed. The calculated results 
are given in Table 5 and presented graphically in Fig. 6. 

The gas-oil ratios may be readily computed by equation 2 
for each pressure of interest. 


R= [S,+ « ¥] 5.61 


= [189.9 +- (9250) (0)] 5.61 
= 1065 cu ft/bbl 


(2a) 


Runge-Kutta Method. The Runge-Kutta is one of the older 
method of numerical integration.?: *.* It is more laborious 
than the other methods presented here but is believed to give 
a higher degree of accuracy than the method of successive 
approximations. In using this method it is necessary to solve 
equation 2 using the initial values ¢, », A, etc. to obtain a value 


of the slope( 3 


1P >) . The value of the oil saturation at P, 


is obtained in the following manner: 


dpo 
let —{-—- 
e (A pO), (<3) AP 


Solve equation (2) using 


A po 
pO = (pO), —( f ) 
= 1 


AP 


5 


(11) 


(12) 

for P = P, — (13) 
wis dpo 

Obt: ‘ S Pics 
aining a new slope ( q >) 


let (A po), = (S). AP 


and again solve equation (2) using po = (po), -(; f°) 





(15) 


, AP 
tor P= P, ——— . 


(13) 


Obtaining another value for the slope (i) 


let (po), =(35). AP 


and solve equation (2) using 


(16) 
pO = (po), — (A po), (17) 
for P= P,— AP 


Obtaining (3). 


Let (Apo), = = (38). AP 


and solve the following equation for the value of the oil sat- 
uration at P.,. 


(18) 


(19) 





1 
(pO), = (po), — 6 | (200, + 2(Apo), +-2(Apo), + (apo) 


(20) 
P,=P,—AP (18) 


After determining the value of (po), at P,, 
at P., by the same procedure as above: that is 


dp 
(A po), =| (JF) Jor 
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solve for (po). 


(21) 
























THE NEW [ SEAMLESS TUBE MIL! 


set in the heartland of the oil country 


Here at Pueblo, Colorado, stands the new of casing and tubing that are tops for 
CF&I Seamless Tube Mill—strategically precision and quality. 
located in the heartland of the Western oil CF&I Seamless Oil Country Casing 
country to give prompt on-the-spot atten- and Tubing meet API STD 5A specifica- 
tion to the needs of oil and gas companies _ tion and are available in sizes from 2%%’’ 
in the Rocky Mountain and Southwest areas. 0O.D. through 95%” O.D. 

The new C F & I Seamless Tube Mill is 
the newest mill of its kind West of the . 
Mississippi. To all members of the petroleum = 
industry we extend a cordial invitation to CF&I TUBULAR PRODUC | 
inspect the modern facilities and advanced | (F | 
inspection techniques which now assure you 
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Where 
po = (p0), — (Apo), 
P=P,—A P 
then (po), = (po), — 1/6 [(Apo), 
+ 2(Apo), + 2(Apo), + (Apo), ] 
P,=P,—AP 
An illustration follows: 
P, = 2500 psia (p0), = 0.7 
dpo 
dP 


(Apo), a (.000308) (250) = .077 


po = 1—S = .6615 


pw=C=03 


= .000308 as determined in the previous example. 


P= 2500 — => — 2325 


Solve equation 2 with the above values 


dpo 
iVdP/, 


= [(0.0004) (0.6615) + (1 — 0.6615 
— 0.3) 0.0004 + (0.0039) x 
(0.6615) (0)] 


[i + G0.5))}) 


(<5) ~ 0,00021 
1 d P 2 
dpo 


(Apo), = ({ >) A P = (.00021) (250) = 0.0525 
1 2 


0.7 0525 
po = 0.7 — 





0.6727 P = 2500-250/2 = 2325 


(45) (0.0004) (0.6727) + (1— 0.6727 — 0.3) 
2 2 


dP 


(0.0004) -+- (0.0093) 0.6727 (0)| {1 30.5 (0)} 


0.00021 
for which 


(Apo), 


) 

(<5) AP = (0.00021) (250) = 0.0525 
> 

Ade J, 


0.0525 0.6475 P 2250 


Using the above values of po and P 


po 0.7 2500 280 
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“[(0.000385) (0.6475) +- (1 — 0.6475 
— 0.3) 0.00043 +- 0.0037 
(0.6475) (0)] + [1-+ (1) ()] = 0.000272 
for which 
dpo 


The oil saturation (po), at a reservoir pressure of 2250 
psia is given by: 

(p0)2 = (po), — Y% [(Apo), + 2(Apo), + 2(Apo), + (Apo),] 

ie aS fe ae Oe oe (20) 


A P = (0.000272) (250) = 0.068 


= 0.7 — % [0.077 + 2 (0.0525) + 2 (0.0525) + 0.068] 
(po), = 0.6408 
P, = P, —A P = 2500 — 250 = 2250 psia 


It is necessary to solve equation 2 with the above values of 
the oil saturation and reservoir pressure in order to determine 
the value of (Apo), used in obtaining the oil saturation at a 
reservoir pressure of 2000 psia. The remaining (Apo) values 
are obtained in the same manner as above except 0.6408 is 
used for (po) in place of 0.7 and 2250 is used for (P) in place 
of 2500. 

Milne Method. The Milne*:® method of solving the type 
of equation under discussion requires that the first four val- 
ues of the oil saturation at four pressure points be determined 
by some other method. These values may be obtained by 
either of the two methods already discussed or from data 
obtained by solving the material balance equation on past 
field history. To obtain points representing a state of further 
depletion it is necessary to solve the following equations. 


7 __ 40P[ 2/dp.\ (deo 
(pon a (p o)n-4 3 | (45) n-1 (8). 
dp, 
- 2(j =),.| 


P, = P, —(@— 1) AP] . 


(32) 


(33) 


Solve equation 2 using the above determined values of 
(po) and (P) and obtain a value for the slope at P, of 


d 
(<5) . Using the value of the slope solve the following 
1 n 


equation for another value of (p,)p. 


AP 
2(p%)n = (pon j—=—> 


dpo L 4 dpo q dpo 
AdP/, | dPJ,, '\dPJ,. J 


LAP] 


(34) 


P (35) 


n 


P,—([(a 


An equation, developed by Milne, for determining the error 
of this method is 


' (po) (pO), 
”%) 


If the value of “Tt 


of such magnitude that it will not effect the desired accu 


(36) 


obtained by solving the above equation 


racy, then accept (»0), as the correct value of the oil sature 


tion. It is necessary to solve equation 2 for the value of the 


) do 
— (- >) 


esponding to (po), and P 
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HY CALOG 


DIAMOND 
CORING 
SITs 


INCREASE 
RATE OF PENETRATION 


= CUT DRILLING TIME 


NOW you can complete your coring program in less time— 
at a big saving in drilling costs. For that is what the new 
Hycalog bits were developed to do. 


Actual field tests by major drilling companies and Hycalog 
contract coring crews show that Hycalog bits have a 
considerably higher rate of penetration than the finest bits 


formerly used. 


Development work on these new design bits has been 
conducted for the past two years. Our experience in log- 
ging and coring over two million feet of hole and the entire 
facilities of our research department have been utilized to 
provide you with this faster cutting, durable diamond-core bit. 


Ask your local Hycalog representative about the remarkable record 
of faster coring achieved by Hycalog diamond coring bits. 


EXCEPTIONAL FLUID RELIEF 


IMPROVED 
ORIENTATION OF DIAMONDS 


UNIFORM 
DIAMOND PLACEMENT 


RUGGED CONSTRUCTION 
OF MATRIX AND SHANK 


HYCALOG, INC 
MAIN OFFice 
$05 Aero Drive. Shre 
eRanc Melisa s 
Te 7 
wrt NA % 
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engineer. 
Where: 
= psi, a function of saturation). . . (3a) 
A (p) = as Se (lambda, a function of pressure) 
Y 
crm: di-don (3b) 
e (p) = 2 SL (epsilon, a function of pressure). (3c) 
Y 
n (Pp) ~ oF eta, a function of pressure) . (3d) 
Y 


« (p)= 7 y 8 © (alpha, a function of pressure) (3e) 
pb 


In estimating reservoir performance, equation 1 is general- 
ly applied to the reservoir as a unit (without considering 
localized variations). Where sufficient data are available it 
may sometimes be applied, however, with a higher degree of 
accuracy, to a small segment of a reservoir, i.e., a lease. In 
the latter case anomalies of pressure and saturation can be 
taken into consideration, but caution should be exercised to 
insure that a proper drainage area is used for the lease. In 
large reservoirs it is a generally accepted practice to divide 
the reservoir into segments of similar characteristics and 
solve the equation for each segment individually. 

Equation 1 shows that the change in reservoir oil satura- 
tion with pressure is equal to the sum of three terms divided 
by the sum of two terms. The right hand side of the equa- 
tion has three terms +(p), e (p) and »(p), all of which are func- 
tions of reservoir pressure. The value of these functions must 
be known at each pressure in order to solve the equation. 
Means of securing the required data and its preparation for 
solving the equation are indicated below. 


Methods of Solving Solution Gas Drive Equation 

Laboratory and/or Field Data. In order to apply equation 
1, it is normally required that the following information be 
obtained on the reservoir: The pore volume of the reservoir, 
the average initial reservoir pressure, and the volume per 
cent of oil, water, and gas in the pore volume. Since at the 
time most engineers are assigned to estimate the performance 
of a solution gas drive reservoir or lease, the reservoir is in 
intermediate stage of depletion, the following methods will 
show the data and procedure required in estimating the fu- 
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ture production characteristics from any stage in the res 
vou ue. 
Other reservoir and fluid properties required in mak. »¢g 


~ 


the calculations include: 

Values of k,/k, as a function of oil saturation; in lieu > 
suitable field data it is suggested that laboratory data fr m 
respresentative core samples be used. Typical data are sho vn 
in Fig. 1. 

Ratios of the viscosity of oil to gas as a function of p es- 
sure; this can perhaps be provided by laboratory data on ‘he 
particular reservoir fluids. Such data are shown plottec in 
Fig. 2. 

Solubility of the gas in the oil at various pressures u)) to 
reservoir pressure; shown in Fig. 3. 

Density of the reservoir gas at various pressures up to res- 
ervoir pressure; shown in Fig. 4. 

Formation volume factors of the oil at various pressures 
up to reservoir pressure, shown in Fig. 3. 

The above data should be obtained at the reservoir tem- 
perature. 

With the exception of the permeability and gas viscosity 
data, most of the other information is normally supplied in 
tabular and graphical form in standard fluid analyses from 
petroleum engineering laboratories. 

Preparation of the Data. After the above data have been 
secured the remaining effort consists primarily in preparing 
the tables and graphs necessary in facilitating the calcula- 
tions. The evaluation of the functions «, \(p), e(p) and »(p) 
are particularly significant. 

Evaluation of alpha, < (p) 

Referring to equation (3) it will be seen that 


o =ypol® 


B 
As each member of the term on the right hand side of the 
the equation is a function of pressure, it is suggested that 
three curves be plotted with pressure as abscissa (X-axis) and 


with y, 8, and f° as the ordinates (Y-axis) respectively. A 


& 
table, such as Table 1, is prepared with reservoir pressure 
as the first column, y as the second column, f, as the third 

































































column, Ho as the fourth column, and « 4s the last column. 
100, 
70 4 
a 
50 7 a 
he 
n* 
“2 
30 ne 8 
| 
FIG. 2. 20r—7 
4 | ! 
| | | | 
a ae aa 
10 } 
y | | | | 
7 | 
7 “ | 4 
a 
| 
. | . 
a igi: | 
Figures 1 through 5 2 | 
reproduced after Mus- 
kat ‘“‘Physical Princi- } 
ples of Oil Produc- | 
tion” (McGraw Hill— ' | 
1949) page 412. , | | | 
fe) 5 10 15 20 25 
Reservoir Pressure 
10" psia 








THE PETROLEUM ENGINEER, June, 1955 


MA 


THE 














new 


hydraulic 
casing tong 
... faster 





more powerful! 


Mason- Carlton, the first hydraulic powered casing tong, 
offers additional speed and flexibility for running and 
retrieving casing. This light weight, versatile tool is able 
to handle 4%” OD through 11%" OD casing by a quick 
change of die blocks within the same housing. Smooth, 
constant hydraulic power, coupled with torque control 
and indicating instruments, provides high speed spinning 
and uniform make-up. 


MASON-CARLTON TOOL COMPANY 


MANUFACTURERS 





\MASON-CARLT 
7743 EAST ADAMS STREET, PARAMOUNT, CALIFORNIA TOOL COMPANY 


strip chart recording instrument 
provides permanent record of 
torque applied to each joint, plus 
running time. 





SHERMAN POWER TONGS, INC. 











ODESSA, TEXAS MIDWAY: FISHING TOOL CO. 
Fer service: HOBBS, NEW MEXICO LONG BEACH, CALIFORNIA 
BAKERSFIELD, CALIF A 
BOB CANTWELL CASING CREWS, INC. —— 
OKLAHOMA CITY, OKLAHOMA THORSON TOOL CO. 


ALMA, OKLAHOMA EDMONTON, ALBERTA 
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TABLE 1. Suggested table form for evaluating alpha. 





P ¥ Bo Ho/ Ug a 
2500 236 1.308 30 9250 
2250 215 1.265 31 8450 
2000 187 1,235 34 7850 
1750 168 1.207 36 7300 
(1500 139 1.185 41 6750 

’ 1250 112 1.161 46 6000 
+1000 87.1 1.137 53 5250 
\ 750 62.9 1.115 62 4350 
500 41.8 1.098 73 3350 
250 20.9 1.077 89 2000 








Béginning with reservoir pressure or a convenient incre- 
ment above reservoir pressure as the first entry in the pres- 
sure'column, then proceed to form a diminishing arithmetic 
series using a convenient difference in pressure, such as 
2500, 2250, 2000, etc. Using the 3 previously prepared graphs 


of y, 8, and Pe insert their proper values in the table oppo- 


14 
site the column of pressures. Solve equation 3 for the proper 
values of «. Plot a curve of « versus pressure. This is 
shown in Fig. 2. 


Evaluation of eta, »(p) 


The term »(p) is given by: 
oc d B, 
y Bo? dP 
A suggested procedure for evaluation eta, n(p), is indicated 


here. Prepare a table with columnar headings similar to 
Table 2. 


In Table 2 column 1 represents the reservoir pressure and 








n(P) = 








TABLE 2. Suggested table form for evaluating Eta. 
1 2 3 4 5 6 7 8 9 10 








ABo a Bo at n(P) X 

P AP Bo ABo AP Pave ; @ Y Pave 102 
. 

2625 1.3300 
2375 250 1.2855 0.0445 0.000178 2500 9250 236 1.308 0.410 
2125 250 1.2477 0.0378 0.000151 2250 8450 215 1.265 0.370 
1875 250 1.2177 0.0300 0.000120 2000 7850 187 1.235 0.330 
1625 250 1.1917 0.0260 0.000104 1750 §=6©7300 = «168 1.207 0.310 
1375 250 1.1692 0.0226 0.0000899 1500 6750 139 1.185 0.310 
1126 250 1.1487 0.0205 0.0000820 1250 6000 112 1.161 0.325 
875 250 1.1285 0.0202 0.0000809 1000 5250 87.1 1.137 0.375 
625 250 1.1083 0.0202 0.0000809 750 4350 62.9 1.115 0.450 
375 250 1.088 0.0203 0.0000812 3350 41.8 1.098 0.540 
125 250 1.0680 0.0200 0.0000800 250 2000 20.9 1.077 0.660 





06 
*For Afo to be accurate to three digits it is necessary that Bo be plotted 
so that it can be read to the accuracy shown. 
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should be tabulated in a decreasing arithmetic series, i.e., 
with a constant increment: an increment of 250 psia is shown 
here. Column 2 represents the difference in successive pres- 
sure increments of column 1. The third column shows the 
values of 8, at various pressures. In the fourth column 
AB,/AP represents the difference between successive entries 
in column 3. Column 5 is obtained by dividing each entry in 
column 4 by the values in column 2. Column 6 represents the 
average pressure at which column 5 holds true. 

Pressure values in column 6 are equal to those in column 
1 minus % A P. Columns 7, 8, and 9 represent the values of 
«, 8, and @, at the pressures shown in column 6. To com- 
pute eta, n(P); multiply the ratio in column 5 by the term in 
column 7, divide by the term in column 8 and the square of 
the term in column 9. After obtaining »(p), column 10 a 
graph should be prepared of » versus pressure values from 
columns 10 and 6 respectively. 

Evaluation of Lambda, )(p) 


The following expression represents )(p): 


A@) = 
PT XB. aP 
The value of ) may be determined by a similar procedure 
as that described for ». A suggested tabular form to aid in 
the calculation is shown in Table 3. 








TABLE 3. Suggested table form for evaluating lambda. 





. = 3 4 . 2 -@ 7 8 Bf 
P AP So ASo [48°/5.61AP] Pave Y Bo A(P)X10° 
2625 1160.6 
2375 250 979.6 191 0.136 2500 236 1.308 0.440 
2125 250 831.6 148 0.105 2250 - 215 1.265 0.385 
1875 250 708.6 123 0.0877 2000 187 1.235 0.380 
1625 250 593.1 115.5 0.0832 1750 168 1.207 0.410 
1375 250 486.6 106.5 0.0758 1500 139 1.185 0.460 
1125 250 387.9 98.7 0.0703 1250 112 1.161 0.54 
875 250 294.8 93.1 0.0664 1000 87.1 1.137 0.67 
625 250 208.3 86.5 0.0616 750 62.9 1.115 0.88 
375 250 121.3 87.0 0.0620 500 41.8 1.098 1.35 
125 250 31 90.3 0.0642 250 20.9 1.077 2.85 





* The constant 5.61 converts from cu ft/bbl to cu ft/cu ft. 


It should be pointed out that columns 7 and 8 (Table 3) 
should be the values occurring at the pressures shown in 
column 6. Column 9 should be plotted versus column 6. This 
is shown in Fig. 5. 








THE PETROLEUM ENGINEER, June, 1955 














id 


CASING 
ROLLER 


The Eastman CASING ROLLER is the most efficient, 
effective and economical way to roll out collapsed 
casing and liners to their original gauge. 


The body and rollers of the Eastman CASING ROLLER 
are made of specially heat treated steel, and the 
roller ends are tapered to prevent snagging. Con- 


_ tinuous rolling surface minimizes friction and vibration. 


There is also circulation through the tool and around 
each roller. 


These CASING ROLLERS are available 
in API sizes for casings with inside diam- 
eters ranging from 2%” to 17%”. Other 
sizes made to order. 


Call the Eastman office nearest you. 
Consult your telephone directory. 


® Eastman Oil Well Survey Company 
me LONG BEACH * DENVER * HOUSTON 


Export Sales and Service: 
EASTMAN INTERNATIONAL COMPANY 
P.O. Box 1500 ° Denver, Colorado, U.S.A. 
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Evaluation of epsilon, e(p) 
The value of e(p) is given by the following relation: 
1 dy 
e(p) = — ap 
The above may be evaluated by a similar procedure as 


that described for y(p). A suggested table to aid in the cal- 
culation is shown below as Table 4. 








TABLE 4. Suggested table form for evaluating epsilon. 





4 2 3 4 5 6 7 8 9 
AP y Ay Ay/4P Pave y 1/y e(p) X10 

2625 245.0 

2375 «=6250 030s: 223.2 21.8 0.0874 2500 236 0.00424 .. 370 

2125 250 200.1 23.1 0.0925 2250 215 0.00465 

1875 250 176.3 23.8 0.0954 2000 187 0.00535 0: 510 
1625 250 150.3 26.0 0.1042 1750 168 0.00595 0.620 
1375 §=. 250 124.3 26.0 0.1042 1500 139 0.00720 0.750 
1125 250 99.1 25.2 0.1009 1250 112 .0089: 0.900 
875 250 75.2 23.9 0.0958 1000 87.1 0.01148 1.10 
625 250 52.8 22.4 0.0893 750 62.9 0.0159 1.44 
375 =. 250 $1.4 21.4 0.0857 500 41.8 0.0239 2.05 
125 2650 10.5 21.9 0.0878 250 20.9 0.0479 4.20 





Column 7 (Table 4), should show the values y occurring 
at the pressures shown in column 6. A plot should be made 
of column 6 versus column 9. This is shown in Fig. 5. 

The solution gas drive equation 2 may be solved by sev- 
eral methods, and it is a purpose of this paper to describe 
and compare three of these methods.* All of the methods 
presented here represent approximate solutions; however, the 
degree of accuracy of these methods is probably greater than 
the reproducibility of core and fluid analysis data. Any one 
of the methods described here may be applied to a reservoir 
or lease in a fairly short time. 

The methods which are presented here for solving the 
solution gas drive equation are not new. They were originally 
presented in the literature some 50 years ago.1»?»%5 In re- 
alization that the reservoir engineer may not have the time 
nor opportunity to find 4nd review these methods, this paper 
has been prepared to illustrate these published means of solv- 
ing Muskat’s solution gas drive equation. 


*Muskat suggested the use of the Milne and Runge-Kutta methods in 
solving the solution gas drive equation. 
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Method of Successive Approximations. Of the three 
methods presented here the method of successive approxi- 
mations is perhaps the most universally known and used.® 
In its application it is necessary to have sufficient data at 


initial conditions with which the sore 





aP , can be deter- 


termined. After determining the initial slope and choosing 
the pressure increment (A P), successive values of oil satura- 
tion (p,, rho) are obtained in the following manner: 

For trial value of p, at P, = P, —AP 


{ooh** = (od. —($-) OF 4,42 aoe. « 








Solve equation 2 for of using values »(p), e(p), ACP), 


W(p.) and jio/y1g as determined by (P), and ,(p,),. Using the 





d 
new value of the slope is determine the second 


trial value of the oil saturation (po), as follows: 


to, on —|(ae), + (48), Jar 


Solve equation 2 using cetila values corresponding to 
the oil saturation ,(p0), and obtain the value of the new slope 








d 
= ng at ,(p)o. Solve equation 6 


w= -[(4i), + C4), BE 


for a new value of the oil saturation at P,. This procedure is 
continued until the values of ,_,(po), and n(pO), are identical 
to the desired number of significant figures. 





**,( )2 The subscript on the right of the parenthesis represents the 
point being solved for; the subscript on the left represents the sequence 
of trial values used to determine the correct value. 
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Oil well operators well know the benefits of using 
Chicago Pneumatic Three Cone Rock Bits. For with 
deep penetrating action and fast cutting speeds, 

they not only drill more feet per day but afford tops 

in durability and dependability as well. CP Three 
Cone Rock Bits are available in seven different types 
for all kinds of formations, from soft to exceedingly 
hard and abrasive. Write for information, 

Oil Tool Division, Chicago Pneumatic Tool Company, 
5000 U.S. Highway 81 South, Fort Worth, Texas. 


© Chicago Pneumatic 


GENERAL OFFICES: 8 East 44th Street, New York 17, N. Y. 


IN CANADA: 10103 81st Ave., So. Edmonton, Alberta, Canada 

IN MEXICO: D. R., Rosas Moreno No. 41, Mexico City, D. F., Mexico 
PETROLEUM MACHINERY CORPORATION: 30 Rockefeller Plaza, New York 20, 
N. Y. (Export agent, exclusive of Mexico and Canada) 


REE CONE BITS e REAMING BITS ° REAMERS DRILL COLLARS TOOL JOINTS * JUNK BASKETS 
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A sample calculation of this method follows: 

(po), = 0.700 

P, = 2500 psia 

(3%) _A(P) po+ (1 — po — pw) e (P) + 7 (P) pov 
dP), 


pg 
(++) 





(2) 
d po 
dP fl 
(0.00044) 0.7 + (1 — 0.7 — 0.3)0.00037 +- (0.0041) (0.7) (0) 





i + G0) (0.0) 
= 0.000308 


with A P = 250 psi 
(pode = 0.7 — (0.000308) 250 = 0.623 (first trial) 
with po = 0.623 and P = 2250 


d po 
1 d P 2 
(0.000385) 0.623 + (1 — 0.623 — .3) x 
(0.00043) + (0.0037) (0.623) (0) 


i+ G1) ©.0) 














= 0.000273 
Then 
.000308 +- 0.000273 
2(p0), = 0.7 — [° + | 250 
= 0.6275 (second trial) 
Then 
d pO 
dP /, 
(0.000385) 0.6275 +- (1 — 0.6275 — 0.3) & 
(0.00043) +- (0.0037) (0.6275) (0) 
i + 31 (0) 
= 0.000273 
Then 
0.000308 + 0.000273 
3(p0). = 0.7 — + X (250) 
= 0.6275 (third trial) 


As ,(p0), and ,(po), are identical through the first 4 digits, 
0.6275 can be used as the oil saturation at a reservoir pres- 
sure of 2250 psia. 

The same procedure is followed in solving for the oil sat- 
uration at the next lower reservoir pressure, that is where 





P,=P,—2AP=P,—AP .....-.+-+ @ 
Then 

dpo 
:(p0), = ,(p0), — ( iP ). aoa. 5 oe 





] dpo (; oO 
(pO), = 3(p0). bts Ge) + - oe). | P (9) 


| 


(60), = ,(60), —| (a), - (#) a 


The values of the slopes are obtained in each case by solv- 





(10) 
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ing equation 2. This procedure is continued stepwise for each 
successive pressure until the oil saturation at the lowest pres- 
sure of interest has been computed. The calculated resu}is 
are given in Table 5 and presented graphically in Fig. 6. 

The gas-oil ratios may be readily computed by equation 2 
for each pressure of interest. 


oe i I eS. OQ 
— [189.9 + (9250) (0)] 5.61. 
— 1065 cu ft/bbl 


Runge-Kutta Method. The Runge-Kutta is one of the oider 
method of numerical integration.?: *»* It is more laborious 
than the other methods presented here but is believed to give 
a higher degree of accuracy than the method of successive 
approximations. In using this method it is necessary to solve 
equation 2 using the initial values ¢, 1, d, etc. to obtain a value 


of the slope( -_ 


dro T . : . 
dP )s he value of the oil saturation at P. 


is obtained in the following manner: 





dpo 
Solve equation (2) using 
A po 
pO = (po), —( f ) , ee eS ee, ae 
-” 1 
AP 
me Pe Pee te eee 





Obtaining a new slope (3). 


(3). oe us. . ae 


and again solve equation (2) using po = (po), —( A “P) 


let (A po), = 


(15) 


Withee. oS ec... & 
ta dpo 
Obtaining another value for the slope aP 

dpo 2 2 
let = - 2° eh poets tk ey | 
et (po), =(35 oe). AP (16) 
and solve equation (2) using 
po = (po), —(A p°), EP rc re ee 
ge 3 ee!) | a ae | 
Obtaining (Se 
dpo 
Let = —_~ Beeline gla 
e (Apo), (3). AP (19) 


and solve the following equation for the value of the oil sat- 
uration at P.,. 


(pO), = (po), | 00) ++ 2(Apo), +-2(Apo), + cay, 


(20) 
Ree ee ke i ec ee ee ee, 


After determining the value of (po), at P,, solve for (p0), 
at P, by the same procedure as above: that is 


@eo.=| (35). [ar . Pers. ae 
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ra MEW uu ‘SEAMLESS TUBE MILL | 


set in the heartland of the oil country 


Here at Pueblo, Colorado, stands the new 
CF&I Seamless Tube Mill — strategically 
located in the heartland of the Western oil 
country to give prompt on-the-spot atten- 
tion to the needs of oil and gas companies 
in the Rocky Mountain and Southwest areas. 

The new C F & I Seamless Tube Mill is 
the newest mill of its kind West of the 
Mississippi. To all members of the petroleum 
industry we extend a cordial invitation to 
inspect the modern facilities and advanced 
inspection techniques which now assure you 


To obtain more information on products advertised see Page E-43 





of casing and tubing that are tops for 
precision and quality. 

CF&I Seamless Oil Country Casing 
and Tubing meet API STD 5A specifica- 
tion and are available in sizes from 234’ 
O.D. through 954” 0.D. 


CF&l TUBULAR PRODUCTS 
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then 

(490), = | (3). Jor. . 22) 
Where 

po = (qo), — Ae. 3) 

P=P,— a (24) 
Then 

(Apo), = [ (3). Jor (25) 
Where 

= (po), —Aems . 26) 

P = P,— ae (24) 
Then 

(apo), = | (4 >), Jor (27) 
Where 

po = (po), — (Apo), (28) 

P=P,—AP (29) 

then (po), = (po), — 1/6 [(Apo), 

+ 2(Ap0), + 2(Ap0), ++ (Apo), ] (30) 

P,=P,—AP (31) 
An illustration follows: 

P, = 2500 psia (po), =0.7 pw= C=03 

(Gs = .000308 as determined in the previous example. 


(Apo), el (.000308) (250) = .077 
077 250 


= .———= 6615 P= sabes = ‘ches 2325 


Solve equation 2 with the above values 


(Ge), 


= [(0.0004) (0.6615) + (1 — 0.6615 
— 0.3) 0.0004 + (0.0039) x 
(0.6615) (0)] 





fl + G0.5) O)] 
$s) — 0,00021 
dP), 


dpo 
weos= (35), 
.0525 


A P = (.00021) (250) = 0.0525 


po = a 0.6727 P= 2500-250/2 = 2325 


($5) = [(0.0004) (0.6727) +- (1— 0.6727 — 0.3) < 
2 


dP 


(0.0004) +- (0.0093) 0.6727 (0)] + [1 + 30.5 (0)] 


= 0.00021 
for which 


d 
worn= (GF 


po = 0.7 — 0.0525 = 0.6475 
Using the above values of po and P 
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A P = (0.00021) (250) = 0.0525 


P = 2500 — 250 = 2250 


Then 
d pO 


dP 


*[(0.000385) (0.6475) ++ (1 — 0.6475 
— 0.3) 0.00043 + 0.0037 X 
(0.6475) (0)] + [1 -+ (31) (0)] = 0.000272 
for which 


(Apo), = (3), A P = (0.000272) (250) = 0.0% 


The oil saturation (po), at a reservoir pressure of 2250 
psia is given by: 


(oO) = = (9) — % apo), + apa + 2Ap0), + (4,9), 
: , ocd (20) 


= 0.7 — % [0.077 + 2 (0.0525) + 2 (0.0525) + 0.068] 
(po), = 0.6408 
P, = P, —A P = 2500 — 250 = 2250 psia 


It is necessary to solve equation 2 with the above values of 
the oil saturation and reservoir pressure in order to determine 
the value of (Apo), used in obtaining the oil saturation at a 
reservoir pressure of 2000 psia. The remaining (Apo) values 
are obtained in the same manner as above except 0.6408 is 
used for (po) in place of 0.7 and 2250 is used for (P) in place 
of 2500. 

Milne Method. The Milne*.* method of solving the type 
of equation under discussion requires that the first four val- 
ues of the oil saturation at four pressure points be determined 
by some other method. These values may be obtained by 
either of the two methods already discussed or from data 
obtained by solving the material balance equation on past 
field history. To obtain points representing a state of further 
depletion it is necessary to solve the following equations. 


4A P 2fd 0 d 0 
1Goa = (p o)n-4 | (33), G3). 


dp 
2 a 











P,=P,—{@—NAP].....°.... @3 


Solve equation 2 using the above determined values of 
(po) and (P) and obtain a value for the slope at P, of 


dP 
equation for another value of (p,),- 


(') . Using the value of the slope solve the following 
1 n 


AP 


2(p%)n = (po)n-2 = —" 


| (ae), +(3),. +9). |- - 


cette oats cic i. a 


An equation, developed by Milne, for determining the error 
of this method is: 


B= [a ies ang. vanes ni”. ll 


If the value of “E” obtained by solving the above equation 
is of such magnitude that it will not effect the desired accu- 
racy, then accept ,(p0), as the correct value of the oil satura- 
tion. It is necessary to solve equation 2 for the value oi the 


slope (<F) corresponding to ,(po), and P.,,. 
2 n 
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DIAMOND 
CORING 
Sits 


INCREASE 
RATE OF PENETRATION 


= CUT DRILLING TIME 


NOW you can complete your coring program in less time— 
at a big saving in drilling costs. For that is what the new 
Hycalog bits were developed to do. : 


Actual field tests by major drilling companies and Hycalog 
contract coring crews show that Hycalog bits have a 
considerably higher rate of penetration than the finest bits 
formerly used. 


Development work on these new design bits has been 
conducted for the past two years. Our experience in log- 
ging and coring over two million feet of hole and the entire 
facilities of our research department have been utilized to 
provide you with this faster cutting, durable diamond-core bit. 


Ask your local Hycalog representative about the remarkable record 
of faster coring achieved by Hycalog diamond coring bits. 


EXCEPTIONAL FLUID RELIEF 


IMPROVED 
ORIENTATION OF DIAMONDS 


_ UNIFORM 
DIAMOND PLACEMENT 


RUGGED CONSTRUCTION 
OF MATRIX AND SHANK 
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505 Aero Drive, Shreveport, Louisiana 
aes OFFICES: 
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For illustrative purposes a sample calculation follows: 











dpo 
Point Pressure AP po dP 
1 2500 0.7 0.000308 
2 2250 250 0.641 0.000272 
3 2000 250 0.526 0.000218 
4 1750 250 0.532 0.000138 
5 1500 250 to be determined 








With the first four values, listed above, being determined 
by the Runge-Kutta method it is then possible to solve que 


tion 32. 
Where n = 5 
1(90), = (p0), — “2 x 
[2($2), (32), (48), | 
= 0.70 — 0. 000138) — 0.000218 + 2(0.000272)] 
= 0.499 


P, = 2500 — 4(250) = 1500 psia 
Solving equation (2) with po = 0.499 and P = 1500 psia 


dpo 
\aP 


[(0.00046) (0.499)-+-(1 —0.499—0.3) (0.00075)-+-(0.003 1) 
(0.499) (0.103)] + [1 + 41 (0.103)] = 0.0001034 


Then 
(00), = (p0), —9* 
dpo dpo 
(ce), +4 (8), +8). ] 
= 0.576 =" x 


[(0.0001034) +- 4(0.0001382) +- 0.0002182] 
= 0.503 


The error is: E= | 0.503 — 0.499 


29 





| = 0.0001 


As only three significant figures are being used, a value of 
.0001 will not alter the answer. Solve equation 2 with the 
above values: 


dpo 
dP), 
[(0.00046) (0.503)4-(1 —0.503—0.3) (0.00075)+-(0.0031) x 
(0.503) (0.100) + [1 + 41 (0.100)] = 0.0001049 


It is only necessary to repeat the above procedure using 
n= 6, 7, 8, etc., to determine the remaining values of po 


and P. 
The gas-oil ratio at 1500 psia is given by equation (2a) or: 
= [S,+ « ¥] 5.61 aes Oe Ree « 
= [97.0 +- (6750) (0.10)] 5.61 
= 4340 cu ft/bbl 


Discussion and Comparisons of Results 


| Fig. 6 and Table 5 were prepared so that detailed compari- 
sons could be made of the three integrating procedures de- 
scribed here. Referring to Table 5 it may be seen that the 
computed oil saturations obtained by the 3 methods differ 
by less than 0.02 pore volumes during the intermediate stages 
of production and by only 0.001 pore volumes at 250 psia. 
Referring to Fig 6 and Table 5 it is seen that the 3 integrat- 
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ing methods may be expected to give only fair agreement 
when calculating the gas-oil ratios. In the illustration pre- 
sented it will be noted that the method of successive approxi- 
mations and Runge-Kutta method give the highest gas-ojl 
ratios. This occurs at 500 psia where the gas-oil ratio is 8305 
cut ft per barrel. The Milne method gives a gas-oil ratio of 
7725 cu ft per barrel at 500 psia. 

All three methods described here may be applied to esti- 
mate the performance of a solution gas drive reservoir or 
segment thereof, but each method has certain characteristics 
which make it desirable in some instances. 

The first method, called the method of successive approxi- 
mations, may be used to calculate an entire performance 
curve using variable pressure increments. It is easiest to 
apply when the variation of saturation with pressure is small. 

The Runge-Kutta method is a fairly fast and accurate 
method and will be found useful in many instances. The 
error in the method is approximately the same as that of 
Simpson’s rule. If a more accurate answer is desired, closer 
pressure increments may be chosen which will reduce the 
error. A distinct advantage in the Runge-Kutta method jis 
the ability to use pressure increments of various sizes in solv- 
ing the same problem. 

The Milne method is easier and faster to apply than the 
Runge-Kutta method, and the calculated oil saturations are 
approximately the same. The gas-oil ratios vary somewhat, 
but the oil saturations are identical with the Runge-Kutta 
method for the first two digits. The Milne method cannot be 
used to obtain the first four data points, but after these are 
obtained it is the fastest and easiest to apply. It should be 
pointed out, however, that the pressure increments cannot be 
changed once a series of calculations are started. 

A suggested procedure to follow in solving the solution 
gas drive equation is to use the Runge-Kutta method to solve 
for the first four data points and to use the Milne method 
to complete the solution. Such a procedure, if followed, per- 
mits the calculations to be made with both speed and accu- 
racy. The Milne method is perhaps the fastest method and 
the calculated performance curves will generally be sufficient- 
ly accurate if ten uniform pressure increments are taken. In 
case the reproducibility of the reservoir data warrants a 
more accurate calculation, a greater number of increments 
may be used. 








TABLE 5. Comparisons of three methods of estimating solution 
gas drive performance. 





Successive approximation Runge-Kutta Milne 
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Pressure po dpo/dP R po dpo/dP R po dpo/dP R 
psia sat’n xl0° cu ft/bbl sat’n dots cu ft/bbl sat'n A108 cu ft/bb! 
2500 0.700 308 1065 0.700 308.0 1065 0.700 308.0 1065 
2250 0.628 273 885 0.641 272.2 885 0.641 272.2 885 
2000 0.568 200 1555 0.575 218.2 1332 0.575 218.2 1332 
1750 0.527 131 3225 0.532 138.2 2850 0.532 138.2 2850 
1500 0.499 4755 502 103.4 4445 503 104.9 4340 
1250 : 76 5860 74 82.6 6070 0.479 86.8 5560 

0 
0 
0 


a 
eosses: 


= 
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Performance and experience 


shed light on some... 


P 420.112.5 


Interpretation Problems In 


RADIOACTIVITY LOGGING 


James H. Russell 


VARIATIONS in behavior of radio- 
activity logs from one area to another 
have been resolved in many cases by 
increased application and constant 
analysis of the problems involved in 
interpretation. In the Frio section of 


South Texas, for example, there was an ~ 


apparent lack of correlation between 
the gamma ray curve and the self- 
potential of the electrical log. Why does 
this exist? Careful study showed that 
volcanic ash, prevalent in the Frio, is 
highly radio active, relatively speaking. 
It produces anomalies of equal or 
higher strength than adjacent shales. 
When this phenomenon came to light, 
the problem of interpretation was 
greatly simplified. 

As another example, experience and 
study revealed that the shale-sand con- 
cept normally used in the Gulf Coast 
area did not apply to that part of the 
Wilcox which is classified as continental 
rather than marine in origin. In these 
areas, there is no sharp definition be- 
tween sands and clay materials. Highly 
mineralized areas in thick sandstone 
bodies complicate the definition of a 
gamma ray log. Even electrical logs 
do not behave in the generally accepted 
manner. Also, anomalies associated 
with lignite beds depart radically from 
conventional anomalies ordinarily sig- 
nifying sands and shales in both radi- 
ation and electrical logging. This know- 
ledge has aided materially in explaining 
radioactivity logging behavior in these 
areas. 

South Louisiana provides still an- 
other example, for there it is possible 
in some fields to pick the water-oil con- 
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OBSERVER checks intensity of radioactivity eminations on the recorded 
log being made at left. Nerve center of the system is an integrator 
panel at upper left of this instrument stack. Collar locator panel is 
immediately below the integrator panel. 


tact in the producing horizon, while 
other areas have shown no evidence of 
anomalies. This phenomenon was un- 
veiled when the produced formation 
water was analyzed. It was found to 
contain potassium, one of the naturally 
radioactive elements that produce ano- 
malies on the gamma ray curve. Such 
are the peculiarities revealed by in- 
creased application and constant study. 

As the use of gamma ray logs has 
become more widespread, it is of con- 
siderable interest to note the many dif- 
ferent approaches to interpretation that 
are necessary in the various geological 
areas. The original concept of a gamma 
ray log has been altered substantially to 
meet the needs of the particular area 


in which it is run. For the greater part 
of the Gulf Coast area, the conven- 
tional interpretation still serves quite 
well. This, of course, is based on the 
fact that in general shales are more 
radioactive than sands or limestones. 
The resulting log is therefore quite cor- 
relatable with the self-potential and re- 
sistivity curves of the electrical !og. 
But as the gamma ray log becomes 
more widespread in its use, new and 
interesting departures from the original 
interpretations are necessary. For in- 
stance, in certain areas of the south- 
west part of the Gulf Coastal plains, 
gamma ray logs were run that com- 
pletely baffled those who were :nter- 
ested in their interpretation. “ubse- 
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quent study on this problem brought 
to light important facts and informa- 
tion that enables these logs to be cor- 
rectly interpreted today. These reve- 
lations added greatly to the value of 
logs in hands of capable petroleum 
geologists. 

As the storehouse of knowledge con- 
cerning gamma ray logs increased, an 
additional curve was added as a com- 
panion to the gamma ray. This was the 
neutron log. Many papers concerning 
the basic theory of both gamma ray 
and neutron logs have been written. 
They have offered a fertile field for the 
highly technical man to expound com- 
plex mathematical formulae on the 
theories of probability, statistical vari- 
ation, wave radiation, particle radi- 
ation, and many others too numerous to 
mention. 

Trying to reconcile all of these com- 
plicated dissertations to the every-day 
job of running gamma ray and neutron 
logs has sometimes left the whole thing 
somewhat fuzzy in many minds. But 
it must be conceded that any tool, how- 
ever perfect in theory and application, 
still derives its greatest value out of the 
resulting performance and experience 
data that is compiled as a result of its 
use. And the more complex the phe- 
nomena, the greater the importance of 
this data. The intended object of this 
paper is to bring together some of the 
performance and experience data, col- 
lected from several areas of application. 

Fig. 1 is a typical example from the 
South Texas Frio section. It shows 
four curves of an electrical log super- 
imposed over a radiation log consisting 
of a gamma ray curve and a neutron 
curve. It is interesting to note the lack 
of correlation between the gamma ray 
curve and the self-potential. This lack 
of graphic correlation is found prin- 


B-74 





FIG. 1. Typical 
s comparison of a 
radiation log and an 
electrical log in the 
ashy section of the 


Frio formations in 
South Texas. 


cipally in those areas producing from 
the Frio section of South Texas. Before 
the advent of neutron logging, the gam- 
ma ray log meant very little to the oil 
operator in these areas, since graphic 
correlation and subsequent measure 
corrections were the primary purposes 
of the use of the gamma ray log. 
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Today, the gamma ray curve, rus 
simultaneously with the neutron curv: 
tells much more. It is immediately ay- 
parent upon observation that excellent 
correlation is obtained between the nevi- 
tron curve and the short normal and 
amplified normal. No doubt now exists 
regarding graphic correlation and any 
measure discrepancy that might exist 
between the two logs. In addition, the 
gamma ray, run simultaneously with 
the neutron, now tells information 
hitherto unavailable. 

It is known today that the producing 
sands in the Frio section of the South- 
west Gulf Coastal plains quite often 
are of an ashy or bentonitic nature. It 
is also known that this volcanic ash is 
highly radioactive, relatively speaking. 
In many cases the radioactive strength 
of the ash material within the sand 
body will give gamma ray anomalies of 
equal or higher strength than the ad- 
jacent shales, resulting quite often in 
complete lack of correlation between 
gamma ray and self-potential curves of 
the electrical log. 

Further experience in producing 
these contaminated Frio sands has 
shown that those sands that are defi- 
nitely known to bear oil—but which 
contain large quantities of ashy mater- 
ial—often fail to produce oil in com- 
mercial quantities. It has been deter- 
mined that water from drilling muds 
causes such ashy. material to swell, 
thereby greatly reducing the perme- 
ability of an otherwise porous sand. 

The ability of a gamma ray curve to 
define the presence of ashy material has 
greatly aided in the completion in sands 
in these areas. It has become possible 
to select clean portions of the sand 
body for perforations, instead of those 
sections containing ashy contamina- 
tion. 

Following closely on the solution of 
this problem, another problem was en- 
countered. Important field discoveries 
were being made in the Wilcox form- 
ation, adjacent to the Gulf Coastal 
plains. Here another perplexing prob- 
lem concerning the interpretation of 
radiation logs was encountered. This 
trouble sprang primarily from the at- 
tempt to apply empirically the conven- 
tional interpretation derived from gam- 
ma ray and neutron logs run in the 
marine depositions of the Gulf Coastal 
plains. Virtually everyone concerned 
with this comparatively new Wilcox 
production already had considerable 
experience in using these logs in nearby 
areas and, naturally enough, expected 

similar results from the Wilcox. Subse- 
quent study of this problem has fe 
vealed much interesting and valuable 
information.for the storehouse of such 
knowledge. 

With the advent of upper Wilcox 
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production, a new page is now added to 
the interpretation of radiation logs. It 
is found that the shale-sand concept is 
no longer true, particularly in those 
areas of production that have been 


classified as continental or non-marine — 


formations. In these areas there are no 
clay materials. Highly mineralized 
sharp definitions between sands and 
areas in thick sandstone bodies compli- 
cate the definition of a gamma ray log. 
Lignite beds frequently encountered 
within the Wilcox do not have the clas- 
sic relation to a shale bed as found in 
marine formations. 

These differences also call for an- 
other approach to neutron interpreta- 
tion. No longer can the neutron shifts 
from left to right be evaluated as going 
from shale to sand or limestone. We are 
confronted with huge thicknesses of 
strata predominantly silica, with vari- 
ous streaks of greater or lesser second- 
ary mineralization, some being almost 
crystalline in nature. Interspersed with 
this are classic materials often perme- 
ating the entire strata. 

To add to the confusion, even electri- 
cal logs do not behave in the generally 
accepted manner that we have come to 
view them in marine formations. Due 
to the high density, low porosity and, 
in many cases, the absence of saline 
fluids in the formation, we find that the 
so-called long normal curves of an elec- 
trical log greatly exceed the indicated 
resistivity values of the short normal 
curve. 

This is a phenomenon encountered 
frequently in electrical logs run through 
the upper Wilcox. It is simply an indi- 
cation of the relative electrical con- 
ductivity of the formations being mea- 
sured. It implies that the conductivity 
of the bore hole fluid greatly exceeds 
that of the formation adjacent to the 
bore hole, thus bearing out the absence 
of saline fluids. It is further evidence of 
the basic differences between this part 
of the Wilcox formation and the great 
majority of other oil producing forma- 
tions. This condition often extends 
through hundreds of feet of formation, 
some of which is productive. 

Inter-bedded in an otherwise dense 
sandy formation, we have lignite beds. 
The anomalies associated with lignite 
beds in both radiation and electrical 
logs depart radically from the conven- 
tional anomalies ordinarily signifying 
sands and shales. These things occur 
commonly in sections of the upper Wil- 
Cox formation and cannot be inter- 
preted from the basic, or text book, ap- 
Proach to log evaluation. They can be 
arrived at solely from a careful analysis 
of the problem at hand in conjunction 
with the record of performance data 
and ex»erience compiled from wells in 
which ‘his problem is confronted. 
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it has gained as “The Oil Industry's Shipyard.” 
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FIG. 2. Typical section of the Upper Wilcox gamma 
ray and neutron logs superimposed on the self- 
potential 18'%-ft and 19'-ft resistivity curves taken 
in the New Ulm field of Austin County, Texas 


Fig. 2 shows a typical section of up- 
per Wilcox gamma ray and neutron 
with the self-potential, 18 ft-6 in. and 
19.5 ft resistivity curves super-imposed. 
It is interesting to note that there is 
considerable disagreement in the cor- 
relation of the self-potential and gamma 
ray curve. Most of this disagreement in 
the correlation lies in the different re- 
action between the two curves when 
logging through lignite beds. This self- 
potential apparently does not differen- 
tiate between lignite and the adjacent 
formation. On the other hand, the gam- 
ma ray does differentiate between them 
because of the difference in gamma ray 
emanations from these formations. Lig- 
nite apparently has a _ radioactive 
strength more nearly approaching that 
of the clastic materials than that of the 
sands. 

The correlative differences between 
the neutron curve and the resistivity 
curves are even more striking. These 
lignite beds which are very thin appar- 
ently have very low conductivity and 
offer a very high degree of shielding to 
resistivity curves. On the other hand, 
again, since lignite beds are predomi- 
nantly carbon, they offer considerable 
slowing-down effect to the neutron 
bombardment resulting in a pronoun- 
ced minimum reading on the neutron 
curve. This minimum reading is unique 
from the standpoint of neutron inter- 
pretation in that it is a case where a low 
neutron reading does not indicate high 
porosity. It simply indicates that in this 
bed there are sufficient carbon atoms to 
make this curve respond exactly as it 
would in the presence of a high con- 
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FIG. 3. Electrical log superimposed on a simul- 
taneous radiation log of the pay section of a South 
Louisiana well. Due to radioactive potassium in the 
water, it was easy to pick the water-oil contact in 


the producing section 


centration of hydrogen, namely water 
or oil. 


With further reference to Fig. 2, it - 


is noted that production in this well 
was obtained in the section from 9582 
to 9600 ft. There is very little on which 
to base the selection of this zone, from 
either the electrical or radiation log. 
But it is interesting to note that after 
we have excluded all of the lignite beds’ 
effect from the neutron curve, this pro- 
duction is obtained from that section 
having a medium porosity—between 
that of the clastic materials and the 
really dense sections. 

A study of gamma ray logs in South 
Louisiana also has brought forth some 
interesting interpretations. Notably 
among these is the fact that in some 
fields it is possible to pick the water/oil 
contact in the producing horizons. In 
some fields this anomaly is very clear- 
cut and is used consistently for the pur- 
pose of determining water/oil contacts. 


' Other areas have shown no evidence of 


such anomalies. The fact that such 
anomalies were found in certain fields, 
and were not found in others, presented 
an intriguing problem, but the informa- 
tion gained from subsequent investi- 
gation has shed more light on the com- 
plex problem of utilizing all the infor- 
mation that a gamma ray log is capable 
of giving. 

In reviewing the chemical analysis 
of salt water samples taken from many 
of the South Louisiana fields, an inter- 
esting fact came to light. The presence 
of potassium varied widely — from 
hardly noticeable traces in some fields, 
to amounts quite easily detectable in 


others. Potassium is one of the natu- 
rally radioactive elements and its pres- 
ence in sufficient quantities in forma- 
tion salt water produces a noticeable 
shift in the gamma ray log when going 
from that portion of the sand contain- 
ing potassium-contaminated salt water 
to that portion containing oil. 

Fig. 3 shows an excellent example 
of this condition. In this figure the self- 
potential and two shallow penetration 
resistivity curves of an electrical log 
are super-imposed over a simultaneous 
radiation log. It is interesting to note 
the high degree of correlation existing 
between the self-potential and gamma 
ray curves. In the sand section from 
8071 to 8120 ft the oil/water infor- 
mation is indicated by the resistivity 
curves. It is apparent that the neutron 
does not differentiate between the two 
types of fluid known to be present in 
this sand body; however, upon obser- 
vation of the gamma ray curve—and 
particularly after we understand the 
information it is conveying in this local 
area— we can immediately place the 
water/oil contact from the gamma ray 
curve alone. 

The interpretation problems men- 
tioned in this paper give but a very 
small idea of the many instances where 
a much more concentrated study 1s 
needed if we are to utilize all of the 
information that radiation logs are 
capable of furnishing. They are sub- 
mitted also in an endeavor to point out 
the many misleading conclusions that 
may be reached when a purely empif 
cal interpretation is attempted on radi- 
ation logs. * et 
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New Mexico Division 
For Continental Oil 


Continental Oil Company has an 
nounced a New Mexico production di 
vision, with headquarters in Roswell 
The area formerly was a part of Con 
oco’s West Texas-New Mexico divi- 
sion, headquartered at Midland, Texa: 
R. L. Adams, assistant division super- 
intendent at Midland, is superintend- 
ent of the new division. 

Adams joined Conoco in 1946 as a 
roustabout in New Mexico. Before his 
promotion to assistant division superin- 
tendent at Midland in 1954, he served 
briefly as superintendent of Conoco’s 
North Oklahoma production district. 
He received a BS in petroleum engi- 
neering from Texas A&M College. 

Conoco operates approximately 500 
producing wells in southeastern New 
Mexico, most of which are in Lea 
County. The company currently is 
drilling three exploratory and six de- 
velopment wells in Lea County. Con- 
oco also operates a refinery at Artesia, 
division exploration offices in Roswell, 
division marketing offices in Albuquer- 
que, and both district production and 
district geological offices in Hobbs. 


Waterflood Increases 
Production in Texas 

A waterflood project in Pecos 
County, Texas, has increased oil pro- 
duction to 300 bbl a day, from 14 bbl 
a day, on a lease of the Carmack Drill- 
ing Company. Ultimate maximum pro- 
duction is expected to be 700 bbl per 
day. 

George Buckles, of Buckles and 
Hostetler, waterflood consultants, who 
engineered the project, expects an ulti- 
mate recovery of 4000 bbl of oil per 
acre. 

Prior to flooding, the company was 
producing from 13 wells. Seven of 
these were converted into injection 
wells, and 6 continued as oil wells. 
Three more injection wells and 3 addi- 
tional oil wells were drilled. All of the 
increased production is from 2 wells. 

The water used is obtained at 325 
ft and is pumped to the Carmack wells 
and 11 injection wells of The Texas 
Company, on an adjoining lease, by 2 
F-60 LCR Triplex pumps, made by 
The National Supply Company. In- 
jection is at the rate of 3600 bbl a 
day. Water pressure, originally at 500 
psi has been increased to 750 psi, and 
may be raised to 800 psi. 

The Texas Company, which has 10 
oil wells, has had no increase so far. 
Results on waterflood depend on rate 
of injection, thickness of pay section, 
and how much liquid has been re- 
moved. Approximately 40,000 bb! of 
water must be injected to realize any 
increase from the offsetting oil wells. 
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Maracaibo’s Bush City, Kansas, 


Starit tank battery 


waterflood follows planning 


Recovery since development 
began is approximately 
2000 bb! an acre—ultimate 


recovery expected to reach 
4000 bbl an acre 


A WATERFLOOD property com- 
prising 80 developed acres known as 
the Starit Lease is operated by the 
Maracaibo Oil Exploration Corpora- 
tion in eastern Kansas. It is within the 
Bush City Shoestring extending for 
several miles and consists of more than 
1500 oil-productive acres, most of 
which are now being waterflooded or 
have been in the past. This shoestring is 
located southeast of Garnett in Ander- 
son County. Recovery will exceed 
2000 bbl per day in first 2 years. Ulti- 
mate expected recovery is 4000 bbl 
per day. 


Reservoir Characteristics 
At the outset there were several old 


pumping wells on the property and 
3 wells that had been cored for analy- 
sis. From this and other sources it was 
possible to establish some useful data. 

The formation is called the Squirrel 
sand and is at an average depth of ap- 
proximately 760 ft. It consists of alter- 
nate sand and shale layers throughout 
and resembles in many respects the 
physical characteristics of the Bradford 
third sand in the Bradford field of 
Pennsylvania. 

The dry air permeabilities of the pay 
sand layers are moderately low but 
show a rather uniform distribution 
throughout the reservoir on the Starit 
Lease. The porosity of the pay sand is 
in a satisfactory range, averaging about 
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ROTARY SUBS 
any thread combination, 


S UJ ry S both straight and bottle-neck types. 


any type 


any size All subs made from selected alloy steel... 
ie accurately machined ... carefully heat-treated. 





any t hread Uniform sub-surface hardness...can be LW 
re-threaded again and again...no “‘soft spots.” | 


Baash-Ross Accurate threading and fine finish 


insure protection against loose 
joints or sloppy fits! 





LIFTING SUBS 
various designs, 
short and long types. 
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SPECIAL SUBS 


any design and size. 
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BAASH-ROSS TOOL COMPANY 


DIVISION OF JOY MANUFACTURING COMPANY 
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18 per cent. The residual oil saturations 
are of a magnitude to permit water- 
flooding. The crude oil measures 36.6 
deg API at 60 F with a viscosity of 5.7 
centipoises at 81 F. All factors being 
considered , there was every indication 
that such a property would favorably 
respond to water flooding efforts, and 
as a result a decision was made to pro- 
ceed with further investigation. 


Investigation of Reservoir 

Additional coring of the structure, 
the most vital phase of the plans to be 
later formulated, was taken originally 
in 5 wells. Chip-coring was mainly used 
in order to remove the sand from the 
well bore quickly and without water 
contamination so that it could be ob- 
served in the laboratory under the best 
possible conditions. A characteristic 
core profile is illustrated. 

Recapitulation of Core Data from 
Well No. 7-4: 


Total sand . 23.8 ft 
Pay sand eS 19.2 ft 
Reservoir pore space of 

pay sand 25,800 bbl/acre 


Average cil saturation of pay sand 39.6% 
Oil content of pay sand 10,200 bbl/acre 


Millidarcy feet of pay sand 274 
Recoverv—as corrected 
Ee eee 4500 bbl/acre 


All cores were examined thorougaly. 
The structure was found to be better 
than that illustrated toward the shoe- 
string center and to possess less pay 
sand on the north and south edges. The 
top of the sand was found to decline a 
total of 35 ft from the east line to the 
west line, whereas bottom of the sand 
declined 25 ft within those limits. It 
was thought that the north and south 
edges were reasonably known so that 
the probability of drilling dry holes 
could be considerably reduced. 

All known data were then assembled. 
The information revealed the desired 
spacings as well as expectations of oil 
recovery as it related to time. The well 
spacings established the extent of de- 
velopment costs as well as capital ex- 
penditures. The operational costs were 
estimated from the time factor previ- 
ously calculated to be under 5 years. 

Further reservoir studies revealed the 
probable rates of injection from which 
possible oil production could be pro- 
jected. A curve of anticipated produc- 
tion (Fig. 3) was then prepared, which 
upon translation into dollars of income 
supported management’s decision to 
proceed with development. 


Planning and Development 

Three separate plans of development 
were prepared and submitted for man- 
agement’s decision. Each entailed a 
complete economic study varying in 
relation to spacings and allied income- 
expense. 

One plan invited favorable consider- 
ation. While it represented higher de- 
velopment expense, it also suggested a 
quicker return of more dollars. That 
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Cameron has gone all the way to 
make every product bearing the 
SS Cameron name outstanding. De- 
—=—— signed to do a specific job better; 
engineered for all-around safety and 
economy; and quality controlled by 
completely integrated manufacturing 
facilities, Cameron equipment is“sure 
to bring out the best in your men 
and methods. 


IRON WORKS, INC. 
P. 0. Box 1212, Houston, Texas 
Export Office: 7912 Empire State Bidg., New York City. 


in England: British Oilfield Equipment Co., Ltd., Time & 
Life Bidg., New Bond Street, London W. 1 England. 
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plan, which was accepted, involved 
among other things: 

1. All old oil wells would be used, 
wherever practical, and water 
wells would be spaced around 
them. 

2. The top 2 ft of the oil pay for- 
mation would be forsaken. 

3. All oil wells would be pumped 
—flowing was not considered. 

4. Cement-lined pipe would be 
used throughout where prac- 
tical. 

5. Water of excellent quality was 
available for purchase from 
neighbors, thus eliminating the 
necessity of erecting and oper- 
ating a plant. 

6. Only cable tools would be used 
in well completion work. 

7. All wells would be chipped 
through the sand. 

8. All sand either would be cor- 
related in the Ottawa office or 
analyzed in a laboratory. 

9. All wells would be shot selec- 
tively—using as large as 512-in. 
shells. 

10. A complete and thorough job 
would be done throughout the 
development in an attempt to 
eliminate any later remedial 
work and the resulting expense. 

11. Development would continue to 
the end without interruption. 


As in any other development of this 
kind, all factors evolved around eco- 
nomics, which still appeared favorable 
in spite of a high cost of development 
on an acreage basis. 

The development was started in 
August, 1953, and concluded 14 
months later. During this time there 
was no deviation in the items of plan- 
ning as above mentioned. During de- 
velopment of the lease, in full accord- 
ance with the plans, 36 water wells and 
15 oil wells were completed. A total of 
31 old oil wells, some of which required 
reconditioning, were continued in op- 
eration. No dry holes were drilled. All 
oil wells were equipped with electric 
jacks. Water wells were equipped with 
cement-lined, 2-in. SMLS and individ- 
ual meters. All drilled wells were selec- 
tively shot and were thoroughly cleaned 
out after the shot prior to running any 
pipe. Rag packers were used in all 
water wells. 

All oil well working barrels were set 
at the top of the sand in a manner so 
that the oil sand would be covered with 
oil almost continuously, thereby dis- 
couraging any undesirable deposits 
upon the sand face. 

Approximately 2 weeks after intake 
well completion, injection was started. 
Within a reasonable amount of time 
thereafter most wells were opened wide 
to full line pressure of about 700 psi. 


B-84 





STARIT- CURVE 2 


TOTAL ANTICIPATED OIL PROV. 


OF | ) 
40 INDIVIDUAL CURVES L 






















































































JULY 1954 
. e 
° 
° 
3 _— 
ra) 
a 
< 
= a 
=) 
vu aul 
— 
More 
x : know 
a expe 
in de 
z equi 
7 
2 ag your 
s) | Pe e_| best 
> 
ra) 
oO 
x ee 
ao 
1954 1955 i956 1957 1958 
FIG. 4. Anticipated results from waterflooding 
STARIT - CURVE 3 
ACTUAL PRODUCTION 
AND 
EXTENDED PROJECTION 
. APRIL 1955 There 
stock 
Servi 
a throu 
2 indus 
ys expe 
3 Cutti: 
8 super 
< to se 
s hours 
=) 
7) 
ra) 
NN 
S Pgs 
Z| — 
° = bs 
| 
5 OlL | 
ray 
° 
« 
a 
1954 19 55 1956 19.57 1958 
FIG. 5. Actual production results PeSa 


THE PETROLEUM ENGINEER, June, | °55 
























In Fithe 


ity RESULTS (224) 


More than 25 years of 
knowledge, skill and 
experience and the latest 
in design of tools and 
equipment make HOMCO 
your logical source for the 
best in Fishing or Cutting 
Tools and Related Services. 





c f 


bne option 
with washover 
strig 4 










bver, 
and 
saving 
or one 
p with 
string, 
urance 
fish’ re- 
Simple 
ed con- 
provide 
ble-free 

























Abies tte 


There are well 
stocked HOMCO 
Service Stores located 
throughout the oil 
industry where 
experienced Fishing or 
Cutting Tool 

supervisors stand ready 
to serve you 24 

hours a day. 





OlL 'NDUSTRY‘S MOST Compl SERVICE 





———_ 


ish” is- 


e@ DIRECTIONAL DRILLING 
e@ FISHING OR CUTTING 
e@ OIL FIELD SUPPLIES 


aout 


bcm RD in i EB E m 
a 48 ea, 
— "hi, . C.. _ 


\ 


eee wR 
ef 




















HOUSTON OIL FIELD MATERIAL COMPANY, Inc. ) 4 











Tr WORLD'S LARGEST INDEPENDENT OILFIELD SUPPLY AND SERVICE ORGANIZATION 


HOUSTON, 


TEXAS 











As injection wells around individual 
oil wells were subjected to full line pres- 
sure it became possible to project in 
theory the cumulative water traveling 
toward the individual oil wells. Antici- 
pated curves of individual oil wells 
were projected as the facts of injection 
rates came to light. In the final analysis 
there were 40 curves in all—S were 
omitted—each attempting to indicate 
the productivity of the individual oil 
well as well as its ultimate recovery. 

From the summation of these curves 
we were provided with another and 
newer look at the possible expectations, 
and although it did not correspond with 
our original projection, it was never- 


theless founded on more available facts 
(See Fig. 4) and thus became more 
acceptable for future use. Reserves 
were then revised downward. It was 
clear that we would not accomplish our 
original expectations, but as 5 good 
wells (at that time not drilled) had 
been omitted, it was probable that we 
could hope for better results than 
Fig. 4 indicated. It was concluded 
that. somewhere in between the two 
curves probably would be the actual 
end result. 


Operation 
Good pumping procedure, to which 


this company adheres, has been prac- 
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ticed throughout the operation. Wat 
injection pressure allowables were 1. - 
viewed and revised weekly, and mv-t 
of the wells were found to take water 
at desired rates. 

Originally it had been our plan :o 
spend no more than 3 years on this 
property after development comp'e- 
tion, and up to the date of this writing 
we have seen no evidence that would 
justify a change of opinion. 

Actual production results are shown 
in Fig. 5 as projected from March 
31, 1955. While by some standards the 
property may not be considered pro- 
lific, it was thought that what hereto- 
fore may have been considered a 7 or 
10 year operation could be reduced 
considerably and what we lacked in 
oil recovery could be compensated for 
by reduction of time. 


Reservoir Performance 


The following data summarized the 
reservoir performance to date: 


Area under flood 80 acres 
Possibile pay sand 

average thickness 14 feet 
Number of water intake 

wells per acre 45 
Number of oil wells per acre 257 
Oil production per acre 

at peak 6.0 barrels per day 
Water injection per acre 

at peak : 20.0 barrels per day 


Recent produced water/oil ratio _ 1.5 to 1.0 
Total water injected to 
March 31, 1955 8300 barrels per acre 
Oil produced to 
March 31, 1955 
Water produced to 
March 31, 1955 


1550 barrels per acre 


1700 barrels per acre 


Conclusion 

Nothing in the planning, the devel- 
opment, or the future operation had 
been left to chance. W. T. Umbarger, 
the superintendent, C. S. Beckwith, the 
pumper, and all other personnel were 
made thoroughly cognizant of all the 
factors involved, including the econ- 
nomics of the situation. It is to them 
and their organized efforts that any 
success of the Starit project is 
attributed. 

August 1955 will mark two years 
since development inception. The re- 
sults of our planning have materialized 
favorably in every way and the ele- 
ment of error has been negligible. It is 
anticipated that by August of this year 
we will have produced 50 per cent of all 
the oil that we originally expected, at 
which time the income that will have 
been received from oil sales will more 
than have exceeded expenses for devel- 
opment needs, capital, and operational 
expenditures. No attempt has been 
made, however, to show as an element 
of costs any amount for administrative 
overhead or corporate taxes. 

While we have no assurance thai the 
Starit will fulfill our future anticipa- 
tion, neither is there any reason to be- 
lieve otherwise. If it does so respond, it 
can then be classified as a completely 
successful project. ext 
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Bureau of Mines, Wichita Falls, Texas 
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Bureau of Mines, Wichita Falls, Texas 
D.S. McBride, 

Tide Water Associated Oil Company, 
Kamay, Texas 

and R.R. Darner 

W. H. Hammon, Wichita Falls, Texas 





Or the six units of the KMA reser- 
voir, a Strawn pool of North Texas, 
three have been subjected to waterflood 
activity since June, 1950. The units 
that have been, or are, active projects, 
have been designated as Units 3, 5, and 
6. Unit 3, which was discussed in Part 
2, consisted of the W. H. Hammon and 
Warren Petroleum Corporation Ham- 
mon Project, and the Warren Petro- 
leam Corporation Fassett and Tuttle 
Project. Both these floods are active. 

Units 5 and 6, in the southwest part 
of the KMA field, are produced from 
two zones. In this area the reservoir 
rock is composed of sediments that 
grade from limestone through sandy 
lime to sandstone with thin streaks of 
shale. The average porosity is 16.5 per 
cent for Zone I and 16.1 per cent for 
Zone II. The estimated connate-water 
saturation is 17.5 per cent for Zone I 
and 20.0 per cent for Zone II. The 
average permeability is 84 md for Zone 
l and 216 md for Zone II. 

Gas injection, still in operation, was 
begun into the reservoir on a large scale 
in January 1940. During December, 
1953, approximately 12.3 per cent of 
the gas produced from Unit 5 was re- 
turned to the reservoir, equivalent to 
297 cu ft per bbl of oil produced from 
the unit. 

Two of the projects in Unit 5, the 
LeBus Oil Company-Lewis project, and 
the |. eBus-Lewis waterflood projects 
have been abandoned. The LeBus, 
Man:old, Blackwell-Oil-and-Gas Com- 
pany, Hodges, and the Tide Water As- 
Socia’’d-Mangold projects are active. 
_A Jiscussion of individual projects 
inUr't 5 follows. 
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waterflooding 
activities 


in the KMA field 


LeBus Oil Company LeBus Project 


The LeBus Oil Company began in- 
jecting water into its LeBus well No. 2 
during July, 1951. This well is com- 
pleted with open hole penetrating Zone 
II of the KMA formation and is in the 
W. H. Spiller survey, abstract 258. The 
LeBus Oil Company LeBus and Lewis 
“A” leases are being affected by this 
injection well. 


History Before Waterflooding 

Development of the leases in this 
project was begun in January, 1938, 
and continued until February, 1939. 
The LeBus lease contains 100 acres 
and has seven KMA and two Ellen- 
burger wells. The Lewis “A” lease con- 
tains 50 acres and has five KMA and 
three ‘ Ellenburger wells. However, 
when water injection was started, only 
two KMA wells (No. 4 and 5) were 
being produced. A total of 145,421 
Mcf of gas was injected into well No. 7 
of the LeBus lease from September, 
1939, to October, 1944, when the well 
was converted to a producing well. 
There was no gas injection on the 
Lewis “A” lease. 

The KMA wells are completed with 
7-in. casing, cemented at various depths 
between the top of the KMA limestone 
and the top of Zone II. Except for 
three wells (LeBus wells No. 1 and 2 
and Lewis “A” well No. 5), the KMA 
wells penetrate all of Zone II and 2 
to 44 ft of the underlying formation. 
This open-hole completion procedure 
exposes 3 to 61 ft of unproductive rock 
in each well. 

Structure maps contoured on top of 
zones I and II are included as Fig. 12 
and 13. The gross thickness of zones 
I and II is shown in Fig. 14 and 15. The 
structure maps indicate that both zones 
dip southward and have a general east- 
west strike. Zone I is less than 20 ft 
thick under the LeBus and Lewis “A” 
leases and shales out entirely immedi- 
ately south of these leases. Zone I is 
open to the well bore in some wells, 


but the amount of oil production from 
this zone is considered to be negligible. 
Zone II ranges in thickness from less 
than 50 to over 70 ft. In some parts 
of this area, however, Zone II has a 
dense limestone streak, 10 to 15 ft 
thick, approximately in the middle. 

The leases in the flood-pattern area 
have a gross productive volume of 
8895 acre-ft and an average gross 
thickness of 59.3 ft in Zone II. Zone | 
has not been considered because it is 
believed to. have been almost barren of 
oil. 

When waterflooding was begun in 
July, 1951, 742,769 bbl of oil (4952 bb! 
per acre) had been produced from the 
LeBus and Lewis “A” leases. The peak 
in oil production (11,253 bbl per 
month) was reached in 1940. The oi! 
production rate has declined contin- 
uously since 1946. The month before 
waterflooding was begun, 733 bbl of oil! 
was produced from both leases. 


Development of Waterflood 

The flood pattern shown in Fig. 13 
contains 24.9 acres. The gross produc- 
tive reservoir volume of Zone II is 
1563 acre-ft, and the average gross 
thickness 62.8. 

The injection of water in the LeBus 
lease well No. 2 was begun during July, 
1951, with a wellhead vacuum on the 
injection well. Approximately seven 
barrels of water was injected per day 
per ft of gross productive thickness 
during the life of the project. 


Source and Treatment of 
Injection Water 

The fresh water used for injection 
was obtained from a nearby irrigation 
canal. No produced water was re- 
turned to the formation. 

A schematic diagram of the water- 
treating plant is shown in Fig. 16. In- 
jection water for both the LeBus and 
Lewis projects was obtained from this 
water-treating plant. The plant was 
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FIG. 12. Structure map of zone I, part of Units 5 and 6 


electrically operated and controlled 
with automatic floats and switches. Wa- 
ter flowed by gravity from the irriga- 
tion canal into two earth-storage pits. 
Two centrifugal pumps moved about 
1000 bbl water per day from the stor- 
age pits into the treating house, where 
an electrically driven chemical treater 
proportioned 50 lb of lime and 5 Ib of 
alum a day into the water. 

The water flowed by gravity from 
the treating house through a concrete 
ditch to four settling ponds. Two 
pounds of copper sulfate was added per 
day at the head of the concrete ditch 
near an electrically driven, paddle-type 
agitator that assisted in placing the cop- 
per sulfate in solution in the water. The 
treated water from the settling ponds 
was forced to the filter by a centrifugal 
pump. Chlorine was added to the water 
ahead of the filter by an automatic chlo- 
rinator. An open-type filter was used, 
composed of five grades of gravel and 
sand. The filter was back-washed once 
every six months. 

The filtered water was pumped by a 
centrifugal pump into the clear-water 
tank and flowed by gravity from the 
clear-water tank to the pumphouse, 
where a horizontal duplex Gaso in- 
jection pump, powered by a 10-hp elec- 
tric motor, forced the water through 


2-in. pipe into the injection well. The’ 


volume of water injected daily was 
measured with a Pittsburgh meter and 
controlled manually with valves at the 
injection wellhead. 

The wellhead injection pressures dur- 
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ing the time the project was active 
ranged from a vacuum at the start to 
650 psi at the end. 

No corrosion troubles had been ex- 
perienced by the operators to the time 
the project was abandoned. Daily 
chemical checks were made on the in- 
jection water, and the quantity of treat- 
ing chemicals was changed accord- 
ingly. Once each month a complete 
chemical analysis of the water was 
made. 

Analyses of the chemical constitu- 
ents of the raw water, clear-tank water, 
and treated water at the wellhead of 
Lewis No. 3 are given: 











Analysis of raw water 
Radical Ppm 
rere 561 
Magnesium (as MgCOs).................... 19 
Rea Cabin ah ckaencakeaoteeescies 6 
i Ria ertled eves 00% 6s ceaiwuses 2 
7 a pahcacud ean 1 


Supersaturation in bicarbonates 
calcium ore A. 2 ee ee 


iw cekonsec es vbeeceees 2,223 
IEE, 6.5 a uhigceas ve vsS0r0ur enenatec 530 
eh ahi ite e ia ashac ents sie wets 13.0 
Carbon dioxide (calculated)................. 4.8 


Indicated pH, 7.5 
Speicfic gravity, 1.002 at 60 F. 


Analysis of clear tank water 











Radical Ppm 
I acidic b ccicececierscwvce 594 
Magnesium (as MgCO3).................-- 106 
RHE A So Si ae Ee Sees eee 5.0 
Residual chlorine (Clz)...................- 5 
Carbon dioxide (calculated)................ 0 
Total hardness (as CaCO3)................ 700 
SES ea eer 2223 
in he nigxenteawssawac hese 475 
i ag aoa sin dintike medida 64's a 
I ee a eke swe 6 
Supersaturation in bicarbonates 
as calcium carbonate............... . 0 


Indicated pH, 8.4 
Specific gravity, 1.002 at 60 F. 














Analysis of treated water at wellhead f 
Lewis No. 3 (4 mile from treating pla:::) 





Radical Ppn 
Calcium (as CaCQs). .. et: 583 
Magnesium (as MgCOs) Sek Rae 117 
REE eee : A 
in boa Mere se +8 54 


Undersaturation in bicarbonates as 
calcium carbonate................. 


Chioride (as NaC1)..................... 222 
3 re 473 
ort i. 2h as gah oeiaaie cons 
SEES ee eee 1 
Carbon dioxide (calculated)............... 2.2 


Total hardness (as CaCO3)............... 700 
Indicated pH, 7.3 
Specific gravity, 1.002 at 60 F. 








Methods of Completing and 
Operating Wells 

As previously stated, the producing 
wells were completed with the casing 
set at various depths between the top 
of the KMA limestone and the top of 
Zone Il. All of the wells were shot 
with nitroglycerin and completed with 
open holes. The wells were not re- 
completed for the waterflooding opera- 
tion. The producing wells were pumped 
with individual, electrically powered 
units and standard subsurface equip- 
ment before and during the waterflood. 

The water-injection well, LeBus No. 
2, was completed with casing set 26 ft 
above the top of Zone II and with a 
borehole penetration of 46 ft into Zone 
II. The well was shot with 140 quarts 
of nitroglycerin on completion and not 
recompleted when converted to an in- 
jection well; however, during October, 
1952, the bottom of the hole was plug- 
ged back 15 ft with crushed rock and a 
cement cap in an attempt to shut off 
water breaking through to. producing 
wells. 


Results of Waterflooding 

From the time water injection was 
begun in July, 1951, to the time of 
abandonment of the project in January, 
1953, 178,481 bbl of water was in- 
jected into LeBus well No. 2. During 
the same period, 11,292 bbl of oil was 
produced from the LeBus and Lewis 
“A” leases. The cumulative injected 
water-produced oil ratio during the life 
of the project was 15.8. Only a small 
volume of oil produced during water 
injection can be attributed to the water- 
flood. The oil production of the LeBus 
wells No. 1 and 3 increased; but water 
broke through, and the increased oil 
production lasted only a few days. Pro- 
duction statistics are not available to 
show the amount of this increase in 
oil production. 

Daily well tests during October, 
1952, indicated that LeBus well No. ! 
produced 1.05 bbl of oil and 35.45 bbl 
of water and LeBus well No. 3, 3.15 
bbl of oil and 5.25 bbl of water. At this 
time, the injection well was plugged 
back 15 ft, and daily well tests showed 
that LeBus well No. 1 produced 1.05 
bbl of oil and 15.75 bbl of wate: and 
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This is trouble... 






A seat and ball must have metallurgical stam- 
ina and the two must have mechanically per- 
fect mating. If not, the photo shows what 
happens. Fluid under extreme pressure, con- 
taining corrosive, abrasive and other foreign 
matter, will cause fluid cutting of the seat and 
disintegration of the ball. A wrong specifica- 
tion of parts for a specific well condition might 
well be the cause of this failure. 






Believe it or not, seat and completely split ball from 
a pump in a West Texas field. Photo unretouched. 
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This is trouble-free... 





Here’s why . -- Design, metallurgy and 
manufacturing, each are vital factors in the 
Axelson end product. Each micro-finished ball 
is precision fit to each of the two precision- 
ground seating surfaces of the seat. Seat and 
ball become a matched pair. For your further 
protection, an Axelson expert is at your serv- 
ice to analyze your well condition and rec- 
ommend the correct combination of Axelson 
pumping equipment. 





To ininimize production problems.. AXE L§& Cc» re 
Seats and Balls 
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LeBus well No. 3 produced 2.10 bbl 
of oil and 2.10 bbl of water. 

During November, 1952, however, 
daily well tests showed that the water 
was again increasing, with LeBus well 
No. 1 producing 1.0 bbl of oil and 
21 bbl of water and LeBus well No. 3 
producing 2.0 bbl of oil and 4.0 bbl of 
water. The plugback of the injection 
well reduced water production tempo- 
rarily but did not result in increased 
production of oil. 

Pertinent data on the project before 
and during waterflooding are given in 
Table 1. Water injection was discon- 
tinued and the project abandoned on 
January 28, 1953. The LeBus wells 
No. 1 and 3, the only wells affected by 
the waterflood, did not respond favor- 
ably. 

The three main reasons for failure 
of this project could be: 

(1) Lack of flood pattern. This made 
it impossible to exercise control 
over the movement of the reser- 
voir fluids. 

(2) Unproductive rock exposed in the 
well bore. This allows the injected 
water to move through oil-barren, 
permeable rock or along sand- 
shale or limestone-shale contacts. 

(3) Unusually high permeability 
streaks within the oil-productive 
rock. This allows injected water 
to channel through the formation 
without moving a significant vol- 
ume of oil. 

The plugback of LeBus well No. 2 
supports item 3, as it reduced tempo- 
rarily the water production from Le- 
Bus wells No. 1 and 3 by about 50 
per cent. Core analyses indicate that 
thin streaks of rock having a perme- 
ability as high as 1000 to 1500 md are 
present in Zone II. Undoubtedly, these 
thin streaks contributed considerably 
to channeling of the water, with little 
increase in oil production. The core 
analyses from Zone II show that the 
streaks of rock of high permeability 
were | to 2 ft thick and isolated from 
beds of moderate permeability (5-200 
md) by dense beds with a permeability 
of less than 0.1 md. 

Application of remedial measures to 
minimize channeling of water would 
be difficult, because all wells on the 
LeBus and Lewis leases were shot with 
nitroglycerin. Three caliper logs from 
wells completed in Zone II in another 
area of the field show that the original 
hole size (5% in.) was increased, on an 
average, to 10 in. in diameter; shale 
beds showed a hole size over 30 in. in 
diameter. A 5-in. liner, cemented in 
the shot hole and selectively jet-per- 
forated, may be a means of excluding 
the zones of high permeability from 
the well bore. A moderate squeeze pres- 
sure while the liner was being cemented 
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FIG, 13. Structure map of zone II, part of units 5 and 6 


would be desirable, so that cement 
would be forced into the cavities and 
high-permeability beds. 

No flow-rate surveys were attempted 
on the LeBus wells to locate the points 
of exit of injected water from the in- 
jection well or points of entry into the 
producing wells because the boreholes 
had been shot. Undoubtedly, the in- 
jected water was channeling through a 
thin bed, as the volume of injected 
water produced from wells No. 1 and 3 
was small. The principal reason for 
abandoning the flood project was fail- 
ure to increase the production of oil. 
Little increase in oil production could 
be expected from one irregular, in- 
verted five-spot pattern, with no pos- 
sible means of controlling the move- 
ment of the injected water. 

This injection pattern cannot be ex- 
pected to produce very favorable re- 
sults in waterflooding. It has been 
observed? that a one-way push of in- 
jected water toward an oil well from 
one input well increased the oil produc- 
tion approximately one-tenth as much 
as a four-way push in a five-spot pat- 
tern, where the producing well is en- 
closed by four input wells. When one 
input well is used, the flood front could 
move in a preferential direction and 
form an oil bank in a linear manner. 
This linear flood front could miss the 
well bores of offset producing wells, 
so that oil production would not in- 
crease. 


LeBus Oil Company Lewis Project 
The LeBus Oil Company Lewis proj- 


ect is approximately one-half mile east 
of its LeBus project and is in the Rob- 
ert McKim survey, abstract 182, sec. 
19 and 20. The project was begun with 
the injection of water into Zone Il 
through the LeBus Oil Company Lewis 
well No. 3 in September, 1951. 


History Before Waterflooding 

The leases considered to be in the 
flood-pattern area are the LeBus Oil 
Company Lewis; the S. K. Vierson 
Kempner and Tisserand; and the Mag- 
nolia Petroleum Company Kempner 
“A”. The productive area of the leases 
in this project is 147.5 acres; the gross 
productive reservoir volume is 8482 
acre-ft, and the average gross thickness 
is 57.5 ft. Fig. 12 and 13 are maps 
showing the structural configuration of 
Zone I and Zone II in the area of the 
project, and Fig. 14 and 15 are isopa- 
chous maps showing the gross thickness 
of Zone I and Zone II. 

Drilling of the wells on the leases 
was begun in February, 1938, and 
completed in September, 1939. The 
monthly oil production reached a peak 
of 8754 bbl during March, 1940. Oil 
production for August, 1951, the 
month before water injection was be- 
gun, was 599 bbl. 

Gas has not been injected in any 
wells in this project, and the immediate 
surrounding area has had only three 
gas-injection wells; therefore it is con- 
sidered that the gas-injection program 
had a negligible effect on oil recovery 
from the leases in this project. When 
waterflooding was begun, the total oil 
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production from the leases was 521,- 
326 bbl, or 3534 bbl per acre. 

All wells are completed with the 
casing set and cemented between the 
top of the KMA limestone and the top 
of Zone II. The setting points ranged 
from 1 to 92 ft above the top of Zone 
Il. All or part of Zone I is open to the 
well bore in Lewis wells No. 1, 2, and 
3. Zone I in these wells probably is 
barren of oil, but the rock may have 
enough permeability to transmit water 
under pressure. 

Wells No. 1 and 3 on the Lewis lease 
have | to 2 ft of shale below Zone II 
Open to the well bore. Wells on the 
Magnolia Kempner “A” and Vierson 
Tisserand and Kempner leases have 1 
'0 8 ft of oil-barren rock above Zone 
Il and 3 to 13 ft of shale below Zone 
Il oper: to the well bore. 

All wells in the project were shot 
with nitroglycerin before water injec- 
tion was begun. 
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Devel: oment of Waterflood 
This project was begun in Septem- 
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FIG. 14. lsopachous map showing gross thickness of Zone I, part 
of units 5 and 6 KMA field, Wichita and Archer Counties, Texas 


ber, 1951, when fresh water was in- 
jected into Lewis well No. 3. Fig. 13 
shows the wells considered to be in the 
flood-pattern area. The productive area 
of the flood pattern is 18.7 acres and 
overlays 1126 gross acre-ft of Zone II, 
which has an average gross thickness 
of 60.2 ft. 

Approximately four months after 
injection was begun, Lewis well No. 2 
began to produce water. In an en- 
deavor to alleviate the water break- 
through, Lewis well No. 3 was plugged 
back 24 ft. This measure, however, was 
unsuccessful, as Lewis well No. 2 con- 
tinued to produce with a high water- 
oil ratio. Lewis well No. 3 was plugged 
in September, 1952, after 75,211 bbl 
of water had been injected, and water 
injection was begun in Lewis well No. 
2 during October, 1952. Subsequently, 
the water production increased in 
Lewis well No. 1 (without an increase 
in oil production) to such an extent 
that it was uneconomical to produce 
the well. The flood was abandoned in 
January, 1952, after 103,724 bbl of 
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water had been injected. 


At the start of waterflooding, the 
water was injected under a vacuum at 
the wellhead. During the fourth month 
of operation, a wellhead pressure of 
220 to 500 psi was required to inject 
the desired volume of water. During 
the 17-month life of the project, the 
average daily water-injection rate was 
200 bbl, equal to 4.7 bbl per day per 
ft of producing formation for Lewis 
well No. 3 and 6.8 bbl for Lewis well 
No. 2. 


Method of Completing and 
Operating Wells 

None of the producing or injection 
wells was recompleted when water- 
flooding was begun; therefore, 1 to 92 
ft of oil-barren rock above Zone II was 
open to the well bores. LeBus Oil Com- 
pany Lewis wells No. 1, 2, and 3 had 
92, 25, and 42 ft, respectively, of open 
hole above Zone II. 

Electricity was used as the power 
for the standard pumping equipment 
installed on the wells. 
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Source and Treatment of 
Injection Water 

The water for injection on this proj- 
ect was obtained from the water-treat- 
ing plant used on the LeBus Oil Com- 
pany LeBus project. The same water- 
pumping equipment was used for both 
projects. 


Results of Waterflooding 

The only increase in oil production 
attributable to water injection was ob- 
served during December, 1951, when 
the oil production from Lewis well No. 
2 increased from 5 to 16 bbl per day 
for about two weeks. During January, 
1952, a production test of the well 
showed 5 bbl of oil and 80 bbl of water 
a day. Lewis well No. 3, the water- 
input well, was plugged back 24 ft the 
same month, and the water production 
in Lewis well No. 2 decreased tempo- 
rarily. As the increase in oil produc- 
tion was small and lasted only two 
weeks, the injected water evidently was 
channeling to Lewis well No. 2 through 
a thin, highly permeable section of the 
producing formation. 

No remedial measures were at- 
tempted on Lewis well No. 2, although 
25 ft of oil-barren rock above Zone 
II was open to the well bore, through 
which water could bypass to Lewis well 
No. 1. 

Reasons for the failure of this proj- 
ect to respond successfully to water- 
flooding can be summarized as follows: 

(1) No injection-well pattern, conse- 

quently no control of the move- 
ment of reservoir fluids could be 
maintained. 

(2) Failure to confine injected water 

solely to the oil productive part 
of the formation under flood. This 
may have allowed water to bypass 
through oil-barren rock to the pro- 
ducing wells. 
Insufficient remedial work to cor- 
rect water breakthrough or to lo- 
cate the part of the formation 
taking water. 

Pertinent data on the project before 
and during waterflooding are given in 
Table 1. 


(3 
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LeBus Oil Company Mangold 
Project 

This waterflooding project is in the 
P. Castleman survey, abstract 35 (see 
Fig. 13). Although the project could 
be considered a waterflood, basically 
it is a salt water disposal operation. 

Water injection was begun in April, 
1951, into the LeBus Mangold well No. 
22 after it was converted from a gas- 
input well. The four producing wells 
considered to be in the flood-pattern 
area are shown in Fig. 13. The Man- 
gold lease is divided into two parts, one 
the 400 acres that form the main part 
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of the lease and the other the 80 acres 
on which are KMA wells No. 4, 10, 12, 
and 19. Zone II of the KMA reservoir 
under the Mangold lease contains 31,- 
318 acre-ft and averages 65 ft in gross 
thickness. At the time waterflooding 
was begun, 3621 bbl of oil per acre 
had been recovered from the reservoir. 

The productive area of the flood pat- 
tern encloses 56.4 surface acres and 
covers 3445 acre-ft of Zone II, which 
averages 61 ft in gross thickness. 

The water used for injection is brine 
produced from Ellenburger oil wells on 
the lease. The untreated water flows by 
gravity from the gunbarrel to a 500- 
bbl storage tank, where an oil seal is 
maintained on top of the water to ex- 
clude air. The water flows by gravity 
from the storage tank to the well and 
into the producing formation. 

The injection water is not metered. 
The operator estimated, however, that 
the water-injection rate during Decem- 
ber, 1953, was 75 bbl per day and that 
the cumulative volume of water in- 
jected to January 1, 1954, was 297,000 
bbl. On the basis of this estimate, an 
average of 9.2 bbl per day per ft of pro- 
ducing formation was injected into the 
input well to January 1, 1954. 


Results of Waterflooding 

No increase in oil production had 
been observed in the offset producing 
wells as a result of water injection to 
January 1, 1954. 

Movement of the injected water 
could not be predicted because the in- 
jected water could not be controlled 


Scale: Feet 


FIG. 15. Isopachus map showing gross 
thickness of Zone II, part of units 5 and 6 


with one input well. An additional dif- 
ficulty was presented by 52 ft of oil- 
barren rock open to the well bore 
above Zone II. A considerable volume 
of injected water could have entered 
this section. 

Pertinent data on the project before 
and during waterflooding are given in 
Table 1. 


Blackwell Oil & Gas Company 
Hodges Project 

This project, which is in the W. H. 
Spillers survey, abstract 258, is ap- 
proximately 2000 ft north of the LeBus 
Oil Company Lebus project. Although 
one well on the Lowry lease is in the 
flood-pattern area, most of the area 
under flood is on the Hodges lease. 


History Before Waterflooding 

Structure maps of the subsurface 
configuration of Zone I and If are 
shown as Fig. 12 and 13, respectively; 
in addition, the outline of the flood- 
pattern area appears on both illustra- 
tions. The average gross thickness of 
Zones I and II is pictured by the isopa- 
chous maps in Fig. 14 and 15, respec- 
tively. 

Although Zone I is shown to be 10 
to 20 ft thick on the Hodges lease, oil 
recovery from it probably was small. 
Zone II, the main source of oil on the 
162-acre Hodges lease, has 8944 gross 
acre-ft of reservoir volume anc aver- 
ages 55.2 ft in gross thickness 

Development of the Hodges lease 
was begun in January, 1938, anc com- 
pleted in October, 1938, except for well 
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No. 12, which was completed in Au- 
gust, 1947. All producing wells except 
No. 12 were completed with 7-in. cas- 
ing, set and cemented 4 to 87 ft above 
Zone II. The casing in well No. 12 was 
set 16 ft into the top section of Zone 
II. The wells were drilled as much as 
110 ft below Zone II. 

At the time of completion or later, 
wells No. 2, 6, and 7 were shot with 
nitroglycerin, wells No. 1 and 12 were 
acidized, and wells No. 3, 4, and 5 were 
both shot and acidized. Wells No. 2 
and 4 did not penetrate Zone II com- 
pletely, and well No. 6 was plugged 
back 38 ft after the well was drilled 5 
ft into the shale below Zone II. Wells 
No. 1, 3, 5, and 12 are completed, with 
both the KMA formation and the Goen 
limestone open to the well bore. 

The Goen limestone is oil productive 
and approximately 50 ft below the base 
of Zone II. Wells No. 7 and 8 have 
4 and 2 ft, respectively, of shale open 
to the well bore below Zone II. Water- 
injection well No. 10, which was re- 
completed from an Ellenburger pro- 
ducer, originally had 10 ft of shale 
open to the well bore below Zone II, 
but this well was plugged back and re- 
perforated with jets in the upper sec- 
tion of Zone II. 

None of the KMA oil wells on the 
Hodges lease produced water at the 


time of completion, but individual well 
tests conducted during June, 1943, 
showed that wells No. 3 and 5 were 
producing approximately 50 per cent 
water. This water probably came from 
the Goen limestone, as water has been 
produced from this formation in other 
areas of the field. 

Approximately 75 Mcf of gas a day 
was being injected into the producing 
formation at a pressure of 235 psi 
through Hodges well No. 8 before 
April, 1951, when the well was con- 
verted for water injection. Gas injec- 
tion into this well was begun in May, 
1940, at a pressure of 1784 psi and at 
a rate of approximately 60 Mcf per 
day. About 300,000 Mcf of gas had 
been injected by the time waterflood- 
ing was begun. 

The cumulative oil production from 
the Hodges lease to May, 1951, (at 
which time waterflooding was begun) 
was 789,087 bbl or 4871 bbl per acre. 


Development of Waterflood 
Water was first injected into Hodges 
well No. 8 April 25, 1951. Approxi- 
mately 125 bbl water per day was in- 
jected, with a vacuum at the wellhead. 
During August, 1952, well No. 10 
was recompleted, and water injection 
was begun at a wellhead pressure of 
400 to 500 psi. Since then, water has 





been injected intermittently into either 
or both wells, depending on the supply 
of water available. Records are not 
available on the volume of water in- 
jected into each of these wells or the 
times at which they were used for in- 
jection purposes. After the injected 
water channeled to well No. 12 from 
well No. 10, most of the water has been 
injected into well No. 8. Well No. 10 
has been used only when the supply 
of water available for injection has ex- 
ceeded the capacity of well No. 8 to 
take water without wellhead pressure. 
When this condition occurs, the water 
is pumped into both wells. On January 
1, 1954, the injection rate was approxi- 
mately 100 bbl per day. 

The surface area enclosed by the 
flood-pattern is 80.7 acres. The gross 
volume of Zone II in the flood-pattern 
area is 4976 acre-ft, and the average 
gross thickness is 61.7 ft. 


Method of Completing and 
Operating Wells 

Well No. 8 on the Hodges lease was 
converted from a gas-input to a water- 
input well, and the injection of water 
was begun in April, 1951. 

During August, 1952, Hodges well 
No. 10 was plugged back from the 
Ellenburger formation, and the casing 





was jet-perforated with 45 holes oppo- 
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Lab Work That Customers Never See 


Even though most of our customers 
never see our lab at Breckenridge, 
its facilities and technicians are as 
much a part of our service as our 
fleet of field units. 

Analyses of customers’ field brines, 
cores, and cuttings are made by ex- 
pert chemists, petroleum engineers, 
and geologists at our Breckenridge 
lab. All our stations have modern 
portable equipment for on-location 
checking of brine and spent acid. 
Our Guymon and Odessa labs are 
equipped to make complete analyses 
of brines and formation cuttings. 

Also important to our customers 
is the research that our lab does on 
new materials and new processes for 
well servicing, the continuous review 
of our quality control, the re-evalua- 
tion and improvement of materials 
and processes used by our service 
units in the field, and the constant 
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Is The Most Important Service We Have 





study of other products and methods 
as they are introduced to the industry. 

So our lab is a significant part of 
the service work our customers re- 
ceive. It’s one of the reasons our 
crews do such a good job. Nowhere 
in the oil patch will you find a better 
outfit . . . with better men, better 
equipment, or better facilities. The 
Chemical Process Company « Breck- 
enridge, Texas + Service Stations 
Throughout the Mid-Continent Area. 


Acidizing ¢ Fracturing & 


THE CHEMICAL PROCESS CO. 


“, 4. Sean 3 
Cee 
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site 22 ft of the lower section and 24 
holes opposite 6 ft of the upper section 
of Zone II. The 22 ft in the lower sec- 
tion of Zone II was then hydraulically 
fractured at a maximum pressure of 
1850 psi and a minimum pressure of 
1000 psi. A total of 2500 lb of sand 
was used. 

Water was then injected into this 
well after the fracture treatment. As 
the injected water channeled to well 
No. 12, the lower section of Zone II 
was plugged off in December, 1953, 
and 10 more ft of casing opposite the 
upper section was jet-perforated. 

None of the KMA wells on the lease 
was recompleted to seal off unproduc- 
tive rock open to the well bore. Water- 
injection well No. 8 has 16: ft of un- 
productive rock open to the well bore 
above Zone II and from 0 to 110 ft 
below Zone II. 

The producing wells are pumped by 
standard surface and subsurface equip- 
ment. 


Source and Treatment of 
Injection Water 

Water produced with the oil from 
the 1700-ft Gunsite sandstone, from 
the KMA reservoir, and from the 
Ellenburger reservoir is used for injec- 
tion. The water is stored in a 500-bbl 
tank and is either pumped or flows by 


gravity into the injection wells directly 
from the tank. The water is not treated, 
and.air is not excluded from the sys- 
tem. 


Results of Waterflooding 


No increase in oil production has 
been observed as a result of waterflood- 





Flying Frac Unit 


A “flying pump”’ will be used by 
Imperial Oil Limited for acid frac 
work in northern Alberta and Brit- 
ish Columbia, Canada. 

The pump, an F-60 Triplex, made 
by The National Supply Company, 
will be flown to locations that are 
virtually inaccessible by other 
means of transportation. There are 
no service companies in the area, 
similar to those that operate in other 
parts of the oil country. 

A 14-28 per cent solution of in- 
hibited HCL is used in the frac work. 
The pump is equipped with 1%-in. 
plungers and operates at 400 rpm. 
Intermittent pressures may be as 
high as 6,000 psi. 

Power already in place on the 
rigs will be used to drive the pump, 
to eliminate the necessity of trans- 
porting additional power equip- 
ment. 





















Rotary Adjustable 
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An entire lease is controlled accurately and 
precisely in minutes through this battery of 
Willis Rotary Adjustable Chokes. 






Houston: 2012 Taft Street 
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ing to January 1, 1954. However, t!e 
volume of water injected has becn 
small when compared with the oil pr- 
duction during waterflooding. The lack 
of a flood pattern and the amount of 
unproductive rock open to the well 
bore probably are important factors 


contributing to the lack of response to 


the injected water. This project may 
never respond favorably to waterflood- 
ing unless some type of development 
pattern is used and the unproductive 
rock and the Goen limestone are 
sealed off from the well bore. 

An average of only 1.4 bbl water per 
day ft of gross productive formation 
had been injected to January 1, 1954. 
This small rate of injection cannot be 
expected to fill the voids in the reser- 
voir in a reasonable time; normally a 
large portion of the void space in the 
reservoir must be filled before oil pro- 
duction increases. 

The-injected water from input well 
No. 10 may have channeled to produc- 
ing well No. 12 on the Hodges lease 
through fractures established when the 
input well was hydraulically fractured; 
therefore, the bypassing condition can- 
not be considered indicative of the sus- 
ceptibility of the formation to flooding. 

Pertinent data on the project before 
and during waterflooding are given in 
Table 1. 


a — —= 
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Provives 6 different sized 
choke inserts which are indi- 
vidually positioned in the line 
of flow by a fractional turn of 
the orifice-carrying disc... 
under constant flow and high 
pressure. 


The 6 graduated orifices are 
changed to a new range in 
minutes... without shutting-in 
the well. 


A positive shut-in is made 
by inserting a blank orifice. 


WILLIS OIL TOOL COMPANY 


3440 Pine Ave., Long Beach 7, California 


Odessa: 100 N. Texas Street 
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Extra Value #1 


No extra space needed at top! 


or at ends 


SPACE-SAVING COMPACTNESS! 


Equipment that is bulky and cumbersome exacts a high toll in 
greater rig costs, deeper cellar requirements, clumsy hook-ups. 
Shaffer Hydraulic Gates require a minimum of space — in height, 
width and length... as little as 1842” total height for the 13%” 
(12” Series 900) Single Gates, only 30” for the same size in 
Double Gates (with two compartments unitized into one body). 

And no extra space is needed at the top or ends to allow space 
for changing rams! 





Extra Value #2 


EASY RAM CHANGES 


As wells are drilled rams must be changed frequently to meet 
requirements of varying pipe sizes. In Shaffer Hydraulic Gates you 
simply open two doors in the side of the body, slide out the ram 
assembly, change rams, replace the assembly and bolt the doors 
shut. Closing the doors automatically aligns the rams within the 
body. And complete ram changes can be made with equal ease 
whether the pipe is in or out of the hole! 

What’s more, there’s no need to dismantle the upper compart- 
ment to change rams in the lower one — or vice versa. Rams in 
either compartment are changed with equal ease! 





Extra Value #3 


Fi 


POSITIVE DIRECT DRIVE 


In Shaffer Hydraulic Gates there are no yokes or complicated 
secondary hook-ups between rams and operating cylinders. For 
positive action, fewest parts, simplest maintenance, the hydraulic 
cylinders are directly behind the rams — on the same shaft. And 
note how all operating parts are completely enclosed within the 
gate body, protected from corrosion or damage. 





Extra Value #4 


RISING or NON-RISING SHAFTS 


Some operators prefer a non-rising locking shaft for the greater 
compactness it makes possible. Others prefer a rising shaft for 
its quick indication of ram position. Take your choice — Shaffer, 
and only Shaffer — provides whichever design you prefer. And 
whether the shaft is rising or non-rising, built-in body extensions 
protect the shafts against damage in all positions! 

















..Plus other extra values & E 

wh as Self.0 ‘raining Compartment Bottoms that | @ a wt - 
‘omatically drain mud and sand accumulations 4 . 
back into the well... Completely Enclosed Design, with no moving parts 
wp whe-= » thi can become wedged or damaged by timbers falling 
the celicr — or corroded by salt muds or chemicals...and Field- 
Teven Depe; Jability backed by over three decades of pressure control 

hip ar advancement. 


Bnd for your free copy of the latest Shaffer Catalog. 
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MAXIMUM VERSATILITY 


Shaffer provides a choice of either Double or Single Hydraulic 
Gates, whichever best meets your requirements. Rams and most 
other parts are interchangeable, size for size, between Single and 
Double Gates, assuring maximum adaptability to your particular 
needs — at minimum inventory and maintenance costs. 


Get the full story on the many important 
Shaffer advantages from your nearest repre- 
sentative — or write direct for full details. 
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Ma Plastic bottles are used to take 
liquid samples from drips. The samples are 
tested for iron content to determine the 
extent of corrosion 


Pees, SO CT lies. 


Ma Drips should be blown daily to pre- 
vent the accumulation of water in gas 
supply lines to high pressure inhibitor in- 
jection pumps 


P 432.611 


Corrosion 
Control 


in Texas Gas Fields 


W An ammonia tank is shown here installed in 
the bed of a pick-up truck. It is used to transport 
ammonia from the warehouse to the well. Brass 
fittings are avoided and the gage glass on the tank 
is protected by a swinging cover. The tank is 
equipped with regulators and safety pressure valves 





Jack L. Wiggins 


Consulting Engineer 


CoRROSION of oil and gas equip- 
ment offers a challenge to many who 
are engaged in countering its costly 
effects. Not only does corrosion result 
in the loss of material and equipment, it 
also appears as a continual threat in 
gas areas where line blowouts and 
other failures disrupt service, close 
down production, and halt delivery 
during critical winter months. This 
threat exists in both field gathering 
lines and production equipment, and 
many companies are steadily engaged 
in the detection and prevention of the 
damaging effects of corrosion and cor- 
rosive moistures that collect in lines 
and installations, and destroy thou- 
sands of dollars worth of equipment 
every month. 

In the Carthage field in East Texas, 
an entire gathering system is being 
gradually converted from a micarta 
sleeve and washer protected line to an 
anodic protected line. Each connection 
that previously had been fittted with 
micarta insulating material, is now be- 
ing uncovered and equipped with metal 
jumpers that allow electric current to 
flow over the insulating material. 

While these preventive measures are 
being perfected, a constant search is 
underway in this same gathering sys- 
tem to locate highly corroded sections 
of gas lines which, in some instances, 
are carrying pressures of 2500 psi. 
Therefore, it becomes necessary to un- 
cover sections of field lines that en- 
gineers’ contour maps show to be low 
in elevation. Water often collects in 
these low areas, and it is axiomatic that 
where water is present corrosion is ac- 
celerated. The pieces of line that have 
been cut out with acetylene torches are 
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Block Buster! 
ATPET 931 revives 


water-damaged wells 





Water blocks which have cut off or reduced production are now 
being removed at low cost by the use of ATPET 931, a unique 
interfacial tension depressant made by Atlas Powder Company. 
A process* developed by Stanolind Oil & Gas Company makes 
use of this chemical to stimulate old wells, to restore dead wells, 
and to complete new wells that are subject to water damage. 





This process consists of injecting field crude containing about 1% 
ATPET 931 into the oil formation. By reducing the interfacial 
tension between oil and water practically to zero, this new chem- 
ical breaks water blocks and permits oil flow through the strata. 


Payout is fast. Amortization time is measured in days. . . instead 
of months. The process costs exceptionally 
little, and permits economical stimulation of 
many wells previously considered marginal. 


*Pat. applied for 





iv rv 


ATPET 931 is non-ionic; gives excellent performance in the 
presence of oil field waters and brines, and has little tendency 
to plate out on solid surfaces. Write your nearest Atlas office rata tava; 
for samples and further information. 


DEPARTMENT 


TLAS 


LOS ANGELES, CALIF. NEW YORK, N. Y. ST. LOUIS, MO. POWDER COMPANY 


41} See ih ies tat See 634 N. Grand Ave. WILMINGTON 99, DELAWARE 
Michigan 4-8896 VAnderbilt 6-1730 JEfferson 3-2538 


BOSTON, MASS. CHICAGO, ILLINOIS HOUSTON, TEXAS 
495 Garden Building 1605 Field Building Suite 12B 

250 Boylston Street 135 S. LaSalle Street 3272 Westheimer Rd. 
KEnmore 6-7817 FRanklin 2-9530 JAckson 8-5561 





ATLAS POWDER COMPANY, CANADA, LTD. 
SAN FRANCISCO, CALIF. BRANTFORD) ee 

806 Crocker First National Bank Bidg. 

1 Montgomery Street, GArfield 1-8640 








removed, repaired, or replaced with 
new line, and re-welded into position. 
In other instances gamma-ray pictures 
are taken to determine the extent of 
corrosion inside the line. 


Measurement of Inhibitor 
Effectiveness 

Since it is nearly imperative in safe 
operation to know the rate of corro- 
sion, many methods of measuring cor- 
rosive activity have been developed. 
Tests are continually being made, not 
only to measure corrosion but to mea- 
sure the effectiveness of corrosion in- 
hibitors that are being applied to the 
system susceptible to damage. Obvi- 
ously, this measurement would be 
necessary to determine which type of 
inhibitor is most effective in each 
situation. 

The use of metal tabs or coupons is 
generally employed to arrive at the rate 
of corrosion in gas lines at any given 
point. These metal coupons are placed 
in the gas stream at designated loca- 
tions, having previously been carefully 
weighed. They are allowed to remain in 
the corrosive stream for a definite 
length of time; then they are removed 
and weighed again. The loss of metal 
from the coupon is an indication of 
the degree of corrosion taking place in 
the metal of the gas line at that point. 
Or, if an inhibitor is being added to the 
corrosive stream, then the loss of 
weight in the coupons will furnish some 
data on which to estimate the effective- 
ness of the inhibitor. 

Metal tabs or coupons may be in- 
stalled by a patented device that per- 
mits the inserting and removal of cou- 
pons in a line while it is under pressure, 
or they may be installed in shop-made 
holders, which are attached to bull- 
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Vertical lubricators of this type are used 
in the Carthage gas field for the injec- 
tion of liquid corrosion inhibitors 


plugs that screw on nipples welded into 
the line. 

Another method of determining the 
extent of corrosion in a system is the 
measurement of the iron or metal con- 
tent of liquid condensate that has been 
removed from the system. A compari- 
son of this iron content to the original 
iron content of the formation reveals 
the amount of metal that has been re- 
moved from the system by corrosion 
and deposited in the condensate. These 
iron content measurements may be used 
also to chart the effectiveness of inhib- 
itors. 

Testing iron content of condensate 
samples may be done several ways, but 
basically two methods are followed: 
Iron titration tests, or the utilization of 
a combination photo-electrical chemi- 
cal device that gives a reading in parts 
per million on a light-cell gage. This lat- 
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Corrosion inhibitor equipment is 
portable on this operation, and one pump 
serves several leases 


ter device eliminates human error in 
evaluating the solution color, which, in 
essence, determines iron content. One 
such device will determine the amount 
of iron, phosphates (total and polyphos- 
phates), silica, alumina, oxygen, sul- 
fates, and chromates that are present 
in the sample. Kits of reagents are sup- 
plied with each type of test desired, 
complete with instructions for use. 

In some high pressure gas produc- 
ing areas, titration tests are being made 
weekly by field men to determine the 
extent of corrosion existing in lines. 
The results of the titration tests deter- 
mine when inhibitors should be added 
and also indicate the effectiveness of the 
entire corrosion inhibition program. In 
some instances samples are taken and 
tested immediately in the field. Other 
practices direct the samples to labora- 
tories, and in this event it is sometimes 















High pressure pump injection method 


SMALL VOLUME REGULATORS 
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Sodium bicarbonate mixed in the 
concrete tank in the background is placed 
into this horizontal lubricator for corro- 
sion mitigation in East Texas. Steps and a 
platform facilitate filling the lubricator 


convenient and more practical to col- 
lect the samples in plastic bottles. 


Injection of Liquid Corrosion 
Inhibitors 

Corrosion inhibitors in liquid form 
are being injected into gas wells in the 
Woodlawn area, north of Marshall, 
Texas, by use of a diaphragm pump 
capable of opposing high pressures. 
The pump will place the inhibitor in the 
gas stream against full well pressure of 
2300 Ib, thereby eliminating the use of 
lubricators or solid stick injection. 

This method of corrosion inhibition 
requires a constant supply of gas pres- 
sure, as does any diaphragm pump. 
Supply gas will form hydrates and 
freeze when reduced from certain high 
pressures to 30 psi required for opera- 
tion of the diaphragm pump. Preven- 
tive measures may be taken to retard 
this freezing and insure a constant gas 
supply. 

One widely used method of prevent- 
ing supply gas failure because of freez- 
ing is the application of gas well heat 
at the point of initial pressure reduc- 
tion. This application of heat is made 
through the use of a small high-pressure 
regulator that utilizes the heat of the 
gas stream. The regulator is equipped 
with a long nozzle that extends into the 
center of the warm gas stream. Expan- 
sion from high to low pressure is ac- 
complished by an orifice in the tip of 
the nozzle where heat to prevent freez- 
ing is available from the stream of gas 
itseli. Additional regulators attached 
to the diaphragm pump further reduce 
Supp!y pressure until operating pres- 
sure is reached. 

This method of inhibitor injection 
lends itself to controlled amounts, how- 








Stick inhibitor material is used in 
many Texas gas fields to prevent » 
corrosion 


ever small, and a very slow rate of in- 
jection is possible. In the Woodlawn 
area, liquid inhibitors are being added 
by a pump that operates at one stroke 
per minute. 

Another method of preventing the 
freezing of supply gas is the elimina- 
tion of moisture from the gas by instal- 
lation of a shop-made drip. Water in 
gas supply lines tends to cause hydrate 
formation and causes pump failures 
with attendant interruption of corro- 
sion treatment. The drip should be 
blown down daily to dispose of ac- 
cumulated moisture. 


Portable Injection Equipment 
Off-shore wells on the Gulf Coast 
are also served with a corrosion inhib- 














itor by a unique method. A diaphragm 
pump with attached high pressure gas 
hoses is installed in a small craft, and 
pumpers pilot the boat from well to 
well, anchoring it and attaching the 
hoses to the wellhead for supply gas to 
operate the diaphragm pump and to in- 
ject.a corrosion inhibitor. This prac- 
tice eliminates the necessity of install- 
ing high-priced equipment on off-shore 
leases where it is continually subjected 
to the deterioration of salt water. 

Around Bay City, Texas, wells are 
treated with anhydrous ammonia 
through an arrangement whereby the 
ammonia is transferred to the well in 
a tank mounted permanently in a 
pick-up truck. The ammonia is trans- 
ferred to the lease supply tank by at- 
taching a hose to the wellhead and 
using a regulated pressure to force the 
ammonia into the lease tank from the 
truck tank. 
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Diagram of permanent installation 
for injection of sodium bichromate 
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Next time you’re watching powered 
equipment driving through a friction 
power take-off, check the name plate 
on the drive back of the engine. In all 
probability, you’ll see a Twin Disc 
Power Take-Off, putting more horse- 
power to work. With their simple, 
rugged design—single-point adjust- 
ment—and slippage capacity far in 
excess of horsepower rating, Twin 
Disc Power Take-Offs are selected as 
standard equipment by most of the 
nation’s leading industrial engine 
manufacturers. 

That’s why you'll find Twin Disc 
Power Take-Offs on such leading in- 
dustrial engines as Ajax - Buda - Cat- 
erpillar - Climax - Continental - Cum- 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin «+ HYOR 


hp. Write for Bulletin No. 129-C. 


Twin Disc Power Take-Offs are available with 
clutches ranging from 6.5” to 24” single-plate; 
from 11.5” to 24” double-plate. Housing sizes 
No. 6 SAE to No. 00 SAE. Capacities up to 600 


mins - Hercules - International - Le Roi 


_ - Minneapolis-Moline - Murphy - Su- 


perior - Waukesha - White - Wiscon- 
sin... for these manufacturers know 
they can depend on Twin Disc per- 


formance... and they know, too, that | 


wherever their engines may be ulti- 
mately working, Twin Disc Service 
will only be a matter of hours... 
backed by 60 Parts Stations and 8 Fac- 
tory Branches or Sales Eng. Offices. 


Twili Disc 








AULIC DIVISION, Rockford, lilinois 


Branches or Sales Engineering Offices: Cleveland * Dallas * Detroit © Los Angeles © Newark * New Orleans * Seattle ® Tulsa 
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Since ammonia reacts with brass, « ‘| 
fittings must be steel or iron. Also, ar - 
monia may become a safety haza:.! 
when handled. Its fumes are punge::t 
and dangerous. A completely saie 
method has been devised whereby tie 
liquid ammonia is unloaded from do. 
to truck. This unloading is accomp- 
lished by fitting the dock drum with a 
iong spigot that has been screwed into 
the head opening, then placing a slight, 
regulated pressure in the drum, forc- 
ing the ammonia out through the spigot 
into truck tank. 

The truck tank is equipped with a 
sight glass and a calibration scale which 
reveals the amount of ammonia in the 
tank. The sight glass is protected by a 
swinging guard which is kept closed 
except when filling the tank. Only 
enough ammonia is placed in the tank 
to meet the requirements of the leases, 
so that no appreciable amounts of am- 
monia remain in the truck container. 

Operators handling ammonia inhib- 
itors should be instructed in their use 
in order to insure safe operations. 

In other gas areas, high pressure 
diaphragm pumps are loaded period- 
ically into truck beds and hauled to 
leases which require the injection of 
corrosion inhibitors. With the use of 
long, high-pressure hoses the gas for 
operating the pumps is brought from 
the wellhead and reduced with several 
regulators. A predetermined amount of 
inhibitor liquid is then forced into the 
well. The hoses and fittings are re- 
moved, taken to another lease requir- 
ing injection of inhibitors, and so on, 
until all of the wells requiring service 
have been visited. This arrangement 
eliminates the duplication of equipment 
at each lease, making it possible for 
one diaphragm pump to serve several 
wells. 


Permanent Injection Equipment 

In some areas it has been found that 
constant injection is necessary to pre- 
vent corrosion, and on these locations 
there have been installed permanent 
installations for the injection of either 
solid or liquid corrosion inhibitors. One 
such installation in East Texas was 
built for the injection of sodium bi- 
chromate as an inhibitor. Sodium bi- 
chromate is also an inhibitor that must 
be handled with care. It attacks the skin 
and membranes of the body and should 
not be breathed. It is a powder and 
must be poured into vats and mixed 
with water. Operators using sodium bi- 
chromate should be instructed in safe 
procedure. 

After the solution is mixed and pre- 
pared it is moved to a pressure tank by 
gravity flow, since the mixing vat is 
built higher than the pressure tank. 
This pressure tank contains not only 
the liquid, but also serves as a volume 
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Ideco Rambler Rig owned by og 

H. R. Smith Drilling Co., Alice, | 7 

Texas, powered by two 6 MO- 7 _ 
# 970 Natural Gas Engines with 
4. Torque Converter Drive. 





6 MO-970 | 

Torque Converter Horsepower at the Shaft 

970 cubic inch displacement 
Natural Gas — Butane 


_ Buda Engine & 
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Mississippi 
W. L. Somner Co., litc. 
Brookhaven ond Tinsley 


Missouri — 

Arrow Engine Sales & 
Service 

St. Louis 


New Mexico 
Industrial Supply Co, - 
Albuquerque 
New York (Export) 
Buda Engine & 
Equipment Co., Inc. 
New York City 


Oklahoma 


OILFIELD SERVICE EVERYWHERE 


Pennsylvania 
Brinker Supply Co. 
Pittsburgh 


Texas 
Buda Engine & 


_ Equipment Co., inc. 


Dallas 
Alice 
Houston 


Kilgore 


~ Odessa 


Wichita Falls 
North Texas Bude 
Service 


_ Pampa 


Utah 
Motor Mercantile Co. 


Salt Lake City 


Power Service Co. 


Lightweight, 


High Speed BUDA Units Give You 
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POWER and PORTABILITY 
For FASTER HOLE and MORE HOLE PER RIG 


Pound-for-pound . . . dollar-for-dollar, you get more useable horsepowe! 
and torque from the new Buda Diesel, natural gas, or butane powered 
Torque Converter Units, than any other kind of engine power. 


Designed and built for drilling service, Buda Torque Converter Units give 
you maximum output horsepower . . . a wide range of torque for greate 
flexibility, less gear shifting, smoother operation, fewer mud pump line 


changes, and many other advantages, all adding up to faster drilling and 
lower all around costs. 


Sales arguments, advertisements and power curves tell only part of the Buda 
Torque Converter Unit story. Their performance on a rig really sells them 
Ask an owner or operator how they’re doing and you'll get first hand, 
success story that’s the talk of the industry. 


Before you buy or specify any new power, get the facts on Buda Torque 


Converter Units from your nearby Buda Oilfield Distributor. Write | 
new Bulletin #1742. 


VG: 


BUDA DIVISION ¢ HARVEY, ILLINOIS 
YALLIS-CHALMERS MANUFACTURING COMPANY 
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IT’S WHAT'S 
Siew INSIDE THAT COUNTS 
Fercign Patents The efficiency of 


Luber-finer’s Patented 
Process Pack 


Save Time and Money with 


tank for diaphragm pump supply gas 
that has been taken from the gas line 
and reduced with small-volume regu- 
lators. Ball and seat check valves on the 
discharge line of the diaphragm pump 
are protected from the corrosive effects 
of the sodium bichromate by a water- 
resistant grease which is applied 
through a grease fitting. 

Bichromate is also injected by use of 
a horizontal lubricator. The mixed in- 
hibitor is run to a lubricator after it has 
been mixed in a concrete vat. Wooden 
steps and a platform faciliate the addi- 
tion of the inhibitor. 

A vertical lubricator is used for cor- 
rosion inhibitor injection in the Carth- 
age field. Liquid is added to the lubri- 
cator after the gas pressure has been 
released. 


Solid Inhibitor Injection 
Equipment 

Gas wells in the Bay City area are 
sometimes treated with solid sticks of 
corrosion inhibitor. The sticks are 
dropped through a special head into the 
tubing and will dissolve as they fall by 
gravity. With this type of treatment the 
wellhead must be equipped with an in- 
stallation that acts as a liquid lubrica- 
tor. Stick inhibitors are added daily in 
varying number depending on the re- 
quirements of treatment for the partic- 


ular installation involved. It was founc 
that evenly spaced injection of solic 
sticks was more effective in this are: 
than periodic injection. In other words, 
better protection resulted from on: 
stick every day than five sticks ever, 
five days. 


Inhibitors 

A survey of the inhibitor market 
shows that a dozen different manufac- 
turers are furnishing corrosion inhib- 
itors to the industry under many dif- 
ferent trade names. In many areas 
formaldehyde, potassium dichromate 
or sodium bichromate are used as cor- 
rosion inhibitors, while in other areas 
trade-name inhibitors are used almost 
exclusively. Many oil company engi- 
neers are making a systematic survey 
of inhibitors to determine which will 
be most effective in particular areas. 

Corrosion inhibition apparently is 
coming to be an accepted part of gas 
production in many areas, and the op- 
eration of testing equipment, injection 
equipment, and the handling of inhib- 
itors has come to be a part of the pres- 
ent day duties of field operators and 
pumpers. 

It is also evident that corrosion in- 
hibition is a vital problem in gas areas 
of Texas, although methods of treat- 


ment and injection may differ widely. * 









































Luber-finer’s FASTER 
SIMPLIFIED Pack Replacement 


Luber-finer Exclusive Features: 


@ Single Bolt Closure —Ingeniously 
designed Clamping Ring utilizes 
Single Bolt Closure for quick, easy 
Pack Replacement. 

e Positive Sealing Gasket—Long 
lasting “O” ring type gasket assures 
leak-proof lid closure at all oper- 
ating pressures. 

@ New Type Internal Design and Con- 
struction— Provides multiple seal to 
eliminate the possibility of oil by- 
passing the Luber-finer pack. 

e@ Dual Safety Valves— Prevents oil 
drainback, assuring exact crank case 
oil level reading at all times, stops 
oil from circulating through unit 
if lines are reversed or if Luber-finer 
is otherwise improperly installed. 
@ One-Piece Extruded Steel Housing — 
Plus rugged mounting brackets in- 
sures durability and long, trouble- 
free operation. 

e@ Time-Tested Patented Filtering 
Process—Only in genuine LUBER- 
FINER PACKS-—the exclusive pat- 
ented filtering process proved by 
millions of satisfied users. 

For Complete Information Write Dept. 690 


LUBER-FINER, Inc. 


2514 S$. Grand Ave., Los Angeles 7 
~ 
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0) Guy Derricks and Rigs 






the Fast Safe Way with 
CHANCE 
PLATE ANCHORS 


Chance Plate Anchors are the most efficient 
anchors made for permanent derricks and 
heavy drilling rigs. They can be installed in a 
fraction of the time required for burying old 
pipe or setting concrete blocks, and they 


“‘bolt”’ through undisturbed earth. They do 
not rely on back-filled earth for holding 
power. The reinforced steel plate withstands 
exceptional pulling strain without distortion. 


PLATE 
ANCHOR Pi 
INSTALLED 


Send for your catalog of 
Chance Earth Anchors 
for the Oil Industry. 


& * 


WwW 


To obtain more information on products advertised see Page E-43 


Holds up to 50,000 pounds in hard ground. 














B-CHANCE CO- 


208 NORTH ALLEN STREET 
GEMmTtRALIA, 


MISSOURI 
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Special barges used for many tasks: 
Removing paraffin from tubing and 


flow lines, cleaning and painting 


Christmas trees, wire line work 


Most interesting of workhorses in 
the bayou and marshland located oil 
fields of South Louisiana are the paraf- 
fin barges of Gulf Refining Company. 
These self-propelled units, 60-ft long, 
20-ft wide, and 5-ft deep, are operated 
by two or three man crews who per- 
form such jobs as scraping paraffin 
from well tubing, steaming paraffin 
from flow lines, cleaning and painting 
Christmas trees, running bottom hole 
pressure instruments and safety valves, 
and other wire line work. 

Typical of these operations is that of 
Barge No. 3724 in Gulf’s Timbalier 


Bay field, approximately 90 miles south 
and west of New Orleans in LaFourche 
Parish. This field is supplied from a 
dock at Leesville, Louisiana, from 
which the paraffin barge crews travel 
by taxi boat to the field each morning 
and return each evening along with 
other field operating personnel. 

Barge No. 3724 is of standard size 
and has a draft of from 2 to 4 ft, de- 
pending on the loading. It is propelled 
by a 175-hp outboard propelling unit 
of a type utilized during World War II 









P $32.71 


to propel supply barges to the beaches 
during military invasions. 

The after portion of the barge deck 
is covered by a 24-ft by 16-ft by 8-ft 
galvanized corrugated iron building, 
which has large doors opening toward 
the bow. Housed within this building 
are the control wheel, hand tools, work 
benches, paraffin scraping tools, wire 
line hoist, and a 40-hp steam generating 
unit, which’ provides 600-psi steam for 
melting paraffin deposition in flow lines. 

Immediately forward of this building 
is open deck working space where the 
long strings of wire line tools are as- 








This automatic steam generating 
unit produces 600-psi working steam pres- 
sure in three minutes from cold water and 
makes 1100 Ib of steam an hour (40-hp). 









Paraffin barge moored to a Gulf Refining 
Company oil well in Timbalier Bay, 
Louisiana. 
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sembled and broken down. This space 
can also be used to transport materials 
and supplies on occasion. 

On either side of this working space 
are two 250-gal horizontal cylindrical 
tanks. One tank is used to store fuel for 
the steam generating unit*, the other 
is used for storing waste oils recovered 
when bleeding pressure from wellhead 
connections. This latter feature was 
provided to prevent pollution of the 
bays. Within the hull of the barge is a 
26-bbl fresh water storage compart- 
ment, which is also piped to the steam 
unit. These tanks permit several days’ 
operation without refueling. 


*Vapor-Clorkson Tex-Steamer. 


On the bow of the barge are two 
vertical wooden-lined steel bumpers 
spaced 3 ft apart to fit against the 
standard well guards used by Gulf Re- 
fining Company. There are also two 
16-ft spuds used to hold the barge in 
position on location. They are situated 
on diagonally opposite corners of the 
barge and are operated with individual 
hand hoists. 


Typical Treating Operation 

In a typical paraffin-treating opera- 
tion the barge is moored with the bow 
resting against a well guard. A string 
of paraffin scraping tools is assembled 
on the open deck of the barge. This 











DETECT STANDING VALVE LEAK 
with J-F DYNAMOMETER 
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® Detect poor counterbalance 
® Stop pulling “green” pumps 
© Increase production efficiency 


P. O. Box 7157 





Increase in Load Shows Standing Valve Leak 
in Just 20 Seconds! 


The load curve above is based on an actual 
J-F Dynamometer test made on a producing 
well. To make this test, the pumping unit is 
stopped on the downstroke after the traveling 
valve has opened. If the standing valve holds, 
the load remains constant. If the standing 
valve leaks, the load on the Dynamometer will increase within 
20 seconds (as shown above), because not only the weight of 
the sucker rods is measured, but also a part of the fluid load. 


OTHER J-F DYNAMOMETER TESTS PROVIDE VITAL FACTS TO HELP YOU 


he praaammeren VALUABLE INFORMATION nxew rae FACTS 
Here are two bulletins you can use. oa "4 
One describes the J-F Dynamometer 
and how it operates. The other ex- 
plains the instrument's use in checking Le pveanenavee 
—_ pumps. Call or write for your copies. —_ 
JOHNSON-FAGG 
Engineering Compony 
54th & Garnett Road Phone 7-3337 


Oil Field Pumping Specietists 


@ Reduce sucker rod failures 
©@ Select proper size equipment 
@ Establish operational control 


Tulsa, Oklahoma 














string consists of paraffin knife, sin} +r 
bars, and bumper jars. These tools «-e 
fastened to the reel of wire line and 
lowered into the well through a lub:i- 
cator that is fastened to the top of the 
Christmas tree. The paraffin deposiied 
in the tubing is then removed by raising 
and lowering the cutting knife by 
means of a small gasoline-engine- 
driven wire line hoist. 

After the paraffin in the tubing is re- 
moved, steps are taken to clean the 
flow line. The steam unit is connected 
to the flow line and placed in service. 
From cold water the steamer develops 
from 100 to 600 psi working pressure 
in approximately three minutes. Once 
started, automatic controls take over, 
controlling the steam output according 
to demand. 

The heat of the steam raises the tem- 
perature of the oil flowing through the 
flow line, which, in turn, melts the 
paraffin deposited on the internal walls 
of the flow line, thus permitting it to 
be carried on to the tank battery in the 
flow stream. 

The frequency of individual flow 
line treating varies from two weeks to 
two months, depending on the well. Its 
importance is readily apparent when it 
is realized that a suspension of the treat- 
ment would necessitate the removal of 
the flow line for costly mechanical 
paraffin removal. kkk 











The Oil Industry's 
Oldest 


Engineering Publication 


It’s The Petroleum Engineer, read and 
relied upon by operating men through- 
out the U. S. and &fty-one foreign coun- 
tries. The specialized editions of Drilling 
and Producing, Refining and Petrochem- 
ical, Oil and Gas Pipelining and the 
Management Edition’s all-industry cover- 
age are prepared especially for operat- 


ing men. 


Scan carefully the copy in your hands, 
note the calibre and “personal assist- 
ance” value of its contents. 


Subscribe today at the low industry 
rates of $2 a year or $4 for 3 years for 
either Drilling and Producing, Oil and 
Gas Pipelining or Refining and Petro- 
chemical. Management Edition rates are 
$5 « year or $10 for 3 years 


™ Pet roleum 
(Bun eotione err 


Pr. O. BOX 1588 DALLAS 1, TF 























KERR-McGEE 
OIL INDUSTRIES, INC. 





a Plastic bottles are used to take 
liquid samples from drips. The samples are 
tested for iron content to determine the 
extent of corrosion 


a a oe eee, 0 eee pa i 


Ma Drips should be blown daily to pre- 
vent the accumulation of water in gas 
supply lines to high pressure inhibitor in- 
jection pumps 


P 432.611 


Corrosion 


Control 
in Texas Gas Fields 


W An ammonia tank is shown here installed in 
the bed of a pick-up truck. It is used to transport 
ammonia from the warehouse to the well. Brass 
fittings are avoided and the gage glass on the tank 
is protected by a swinging cover. The tank is 
equipped with regulators and safety pressure valves 


Jack L. Wiggins 


Consulting Engineer 


CoRROSION of oil and gas equip- 
ment offers a challenge to many who 
are engaged in countering its costly 
effects. Not only does corrosion result 
in the loss of material and equipment, it 
also appears as a continual threat in 
gas areas where line blowouts and 
other failures disrupt service, close 
down production, and halt delivery 
during critical winter months. This 
threat exists in both field gathering 
lines and production equipment, and 
many companies are steadily engaged 
in the detection and prevention of the 
damaging effects of corrosion and cor- 
rosive moistures that collect in lines 
and installations, and destroy thou- 
sands of dollars worth of equipment 
every month. 

In the Carthage field in East Texas, 
an entire gathering system is being 
gradually converted from a micarta 
sleeve and washer protected line to an 
anodic protected line. Each connection 
that previously had been fittted with 
micarta insulating material, is now be- 
ing uncovered and equipped with metal 
jumpers that allow electric current to 
flow over the insulating material. 

While these preventive measures are 
being perfected, a constant search is 
underway in this same gathering sys- 
tem to locate highly corroded sections 
of gas lines which, in some instances, 
are carrying pressures of 2500 psi. 
Therefore, it becomes necessary to un- 
cover sections of field lines that en- 
gineers’ contour maps show to be low 
in elevation. Water often collects in 
these low areas, and it is axiomatic that 
where water is present corrosion is ac- 
celerated. The pieces of line that have 
been cut out with acetylene torches are 
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Block Buster! 
ATPET 931 revives 


Water blocks which have cut off or reduced production are now 
being removed at low cost by the use of ATPET 931, a unique 
interfacial tension depressant made by Atlas Powder Company. 
A process* developed by Stanolind Oil & Gas Company makes 
use of this chemical to stimulate old wells, to restore dead wells, 
and to complete new wells that are subject to water damage. 


This process consists of injecting field crude containing about 1% 
ATPET 931 into the oil formation. By reducing the interfacial 
tension between oil and water practically to zero, this new chem- 
ical breaks water blocks and permits oil flow through the strata. 


Payout is fast. Amortization time is measured in days . . . instead 
of months. The process costs exceptionally 
little, and permits economical stimulation of 
many wells previously considered marginal. 


*Pat. applied for 


‘hg wm 


ATPET 931 is non-ionic; gives excellent performance in the 
presence of oil field waters and brines, and has little tendency 
to plate out on solid surfaces. Write your nearest Atlas office 


HEMICALS 
for samples and further information. . 


DEPARTMENT 
BOSTON, MASS. CHICAGO, ILLINOIS HOUSTON, TEXAS at 
405 Garden Building 1605 Field Building Suite 12B SHR 
250 Boylston Street 135 S. LaSalle Street 3272 Westheimer Rd. i 
KEnmore 6-7817 FRanklin 2-9530 JAckson 8-5561 : 
LOS ANGELES, CALIF. NEW YORK, N. Y. ST. LOUIS, MO. POWDER COMPANY 


411 West Fifth Street 60 East 42nd Street 634 N. Grand Ave. WILMINGTON 99, DELAWARE 


Michigan 4-8896 VAnderbilt 6-1730 JEfferson 3-2538 ATLAS POWDER COMPANY, SEE 


SAN FRANCISCO, CALIF. BRANTFORD, CANSE 


806 Crocker First National Bank Bidg. 
1 Montgomery Street, GArfield 1-8640 

























removed, repaired, or replaced with 
new line, and re-welded into position. 
In other instances gamma-ray pictures 
are taken to determine the extent of 
corrosion inside the line. 


Measurement of Inhibitor 
Effectiveness 

Since it is nearly imperative in safe 
operation to know the rate of corro- 
sion, many methods of measuring cor- 
rosive activity have been developed. 
Tests are continually being made, not 
only to measure corrosion but to mea- 
sure the effectiveness of corrosion in- 
hibitors that are being applied to the 
system susceptible to damage. Obvi- 
ously, this measurement would be 
necessary to determine which type of 
inhibitor is most effective in each 
situation. 

The use of metal tabs or coupons is 
generally employed to arrive at the rate 
of corrosion in gas lines at any given 
point. These metal coupons are placed 
in the gas stream at designated loca- 
tions, having previously been carefully 
weighed. They are allowed to remain in 
the corrosive stream for a definite 
length of time; then they are removed 
and weighed again. The loss of metal 
from the coupon is an indication of 
the degree of corrosion taking place in 
the metal of the gas line at that point. 
Or, if an inhibitor is being added to the 
corrosive stream, then the loss of 
weight in the coupons will furnish some 
data on which to estimate the effective- 
ness of the inhibitor. 

Metal tabs or coupons may be in- 
stalled by a patented device that per- 
mits the inserting and removal of cou- 
pons in a line while it is under pressure, 
or they may be installed in shop-made 
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holders, which are attached to bull- 


me 


"6 .F xe z 
a ee 


ae x - SSS 
- pe ee way 


‘2 oat aa A 
sce ‘tesla Oe Pe, Jt 


Vertical lubricators of this type are used 
in the Carthage gas field for the injec- 
tion of liquid corrosion inhibitors 


plugs that screw on nipples welded into 
the line. 

Another method of determining the 
extent of corrosion in a system is the 
measurement of the iron or metal con- 
tent of liquid condensate that has been 
removed from the system. A compari- 
son of this iron content to the original 
iron content of the formation reveals 
the amount of metal that has been re- 
moved from the system by corrosion 
and deposited in the condensate. These 
iron content measurements may be used 
also to chart the effectiveness of inhib- 
itors. 

Testing iron content of condensate 
samples may be done several ways, but 
basically two methods are followed: 
Iron titration tests, or the utilization of 
a combination photo-electrical chemi- 
cal device that gives a reading in parts 
per million on a light-cell gage. This lat- 
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Corrosion inhibitor equipment is 
portable on this operation, and one pump 
serves several leases 


ter device eliminates human error in 
evaluating the solution color, which, in 
essence, determines iron content. One 
such device will determine the amount 
of iron, phosphates (total and polyphos- 
phates), silica, alumina, oxygen, sul- 
fates, and chromates that are present 
in the sample. Kits of reagents are sup- 
plied with each type of test desired, 
complete with instructions for use. 

In some high pressure gas produc- 
ing areas, titration tests are being made 
weekly by field men to determine the 
extent of corrosion existing in lines. 
The results of the titration tests deter- 
mine when inhibitors should be added 
and also indicate the effectiveness of the 
entire corrosion inhibition program. In 
some instances samples are taken and 
tested immediately in the field. Other 
practices direct the samples to labora- 
tories, and in this event it is sometimes 
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High pressure pump injection method 
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Sodium bicarbonate mixed in the 
concrete tank in the background is placed 
into this horizontal lubricator for corro- 
sion mitigation in East Texas. Steps and a 
platform facilitate filling the lubricator 


convenient and more practical to col- 
lect the samples in plastic bottles. 


Injection of Liquid Corrosion 
Inhibitors 

Corrosion inhibitors in liquid form 
are being injected into gas wells in the 
Woodlawn area, north of Marshall, 
Texas, by use of a diaphragm pump 
capable of opposing high pressures. 
The pump will place the inhibitor in the 
gas stream against full well pressure of 
2300 lb, thereby eliminating the use of 
lubricators or solid stick injection. 

This method of corrosion inhibition 
requires a constant supply of gas pres- 
sure, as does any diaphragm pump. 
Supply gas will form hydrates and 
freeze when reduced from certain high 
pressures to 30 psi required for opera- 
tion of the diaphragm pump. Preven- 
tive measures may be taken to retard 
this freezing and insure a constant gas 
supply. 

One widely used method of prevent- 
ing supply gas failure because of freez- 
ing is the application of gas well heat 
at the point of initial pressure reduc- 
tion. This application of heat is made 
through the use of a small high-pressure 
regulator that utilizes the heat of the 
gas stream. The regulator is equipped 
with a long nozzle that extends into the 
center of the warm gas stream. Expan- 
sion from high to low pressure is ac- 
complished by an orifice in the tip of 
the nozzle where heat to prevent freez- 
ing is available from the stream of gas 
itself. Additional regulators attached 
to the diaphragm pump further reduce 
supply pressure until operating pres- 
Sure is reached. 

This method of inhibitor injection 
lends itself to controlled amounts, how- 
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Stick inhibitor material is used in 
many Texas gas fields to prevent % 
corrosion 


ever small, and a very slow rate of in- 
jection is possible. In the Woodlawn 
area, liquid inhibitors are being added 
by a pump that operates at one stroke 
per minute. 

Another method of preventing the 
freezing of supply gas is the elimina- 
tion of moisture from the gas by instal- 
lation of a shop-made drip. Water in 
gas supply lines tends to cause hydrate 
formation and causes pump failures 
with attendant interruption of corro- 
sion treatment. The drip should be 
blown down daily to dispose of ac- 
cumulated moisture. 


Portable Injection Equipment 
Ofi-shore wells on the Gulf Coast 
are also served with a corrosion inhib- 

















itor by a unique method. A diaphragm 
pump with attached high pressure gas 
hoses is installed in a small craft, and 
pumpers pilot the boat from well to 
well, anchoring it and attaching the 
hoses to the wellhead for supply gas to 
operate the diaphragm pump and to in 


ject a corrosion inhibitor. This prac 
tice eliminates the necessity of install 
ing high-priced equipment on off-shore 
leases where it is continually subjected 
to the deterioration of salt water. 

Around Bay City, Texas, wells are 
treated with anhydrous ammonia 
through an arrangement whereby the 
ammonia is transferred to the well in 
a tank mounted permanently in 
pick-up truck. The ammonia is trans 
ferred to the lease supply tank by at 
taching a hose to the wellhead and 
using a regulated pressure to force the 
ammonia into the lease tank from the 
truck tank. 





Diagram of permanent installation 
for injection of sodium bichromate 
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Next time you’re watching powered 
equipment driving through a friction 
power take-off, check the name plate 
on the drive back of the engine. In all 
probability, you’ll see a Twin Disc 
Power Take-Off, putting more horse- 
power to work. With their simple, 
rugged design—single-point adjust- 
ment—and slippage capacity far in 
excess of horsepower rating, Twin 
Disc Power Take-Offs are selected as 
standard equipment by most of the 
nation’s leading industrial engine 
manufacturers. 

That’s why you'll find Twin Disc 
Power Take-Offs on such leading in- 
dustrial engines as Ajax - Buda - Cat- 
erpillar - Climax - Continental - Cum- 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 


Twin Disc Power Take-Offs are available with 
clutches ranging from 6.5” to 24” single-plate; 
from 11.5” to 24” double-plate. Housing sizes 
No. 6 SAE to No. 00 SAE. Capacities up to 600 
hp. Write for Bulletin No. 129-C. 


mins - Hercules - International - LeRoi 
- Minneapolis-Moline - Murphy - Su- 
perior - Waukesha - White - Wiscon- 
sin... for these manufacturers know 
they can depend on Twin Disc per- 
formance... and they know, too, that 
wherever their engines may be ulti- 
mately working, Twin Disc Service 
will only be a matter of hours... 
backed by 60 Parts Stations and 8 Fac- 
tory Branches or Sales Eng. Offices. 





+ HYDRAULIC DIVISION, Rockford, Illinois 





Branches or Sales Engineering Offices: Cleveland * Dallas * Detroit © Los Angeles * Newark * New Orleans * Seattle * Tulsa 
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To obtain more information on products advertised see Page E-43 
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Since ammonia reacts with brass, all 
fittings must be steel or iron. Also, am. 
monia may become a safety hazard 
when handled. Its fumes are pungent 
and dangerous. A completely safe 
method has been devised whereby the 
liquid ammonia is unloaded from dock 
to truck. This unloading is accomp. 
lished by fitting the dock drum with 4 
iong spigot that has been screwed into 
the head opening, then placing a slight, 
regulated pressure in the drum, fore 
ing the ammonia out through the spigot 
into truck tank. 

The truck tank is equipped with a 
sight glass and a calibration scale which 
reveals the amount of ammonia in the 
tank. The sight glass is protected by a 
swinging guard which is kept closed 
except when filling the tank. Only 
enough ammonia is placed in the tank 
to meet the requirements of the leases, 
so that no appreciable amounts of am- 
monia remain in the truck container, 

Operators handling ammonia inhib- 
itors should be instructed in their use 
in order to insure safe operations. 

In other gas areas, high pressure 
diaphragm pumps are loaded period- 
ically into truck beds and hauled to 
leases which require the injection of 
corrosion inhibitors. With the use of 
long, high-pressure hoses the gas for 
operating the pumps is brought from 
the wellhead and reduced with several 
regulators. A predetermined amount of 
inhibitor liquid is then forced into the 
well. The hoses and fittings are re- 
moved, taken to another lease requir- 
ing injection of inhibitors, and so on, 
until all of the wells requiring service 
have been visited. This arrangement 
eliminates the duplication of equipment 
at each lease, making it possible for 
one diaphragm pump to serve several 
wells. 


Permanent Injection Equipment 

In some areas it has been found that 
constant injection is necessary to pre- 
vent corrosion, and on these locations 
there have been installed permanent 
installations for the injection of either 
solid or liquid corrosion inhibitors. One 
such installation in East Texas was 
built for the injection of sodium bi- 
chromate as an inhibitor. Sodium bi- 
chromate is also an inhibitor that must 
be handled with care. It attacks the skin 
and membranes of the body and should 
not be breathed. It is a powder and 
must be poured into vats and mixed 
with water. Operators using sodium bi- 
chromate should be instructed in safe 
procedure. 

After the solution is mixed and pre- 
pared it is moved to a pressure tank by 
gravity flow, since the mixing vat is 
built higher than the pressure tank. 
This pressure tank contains not only 
the liquid, but also serves as a volume 
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STANDARD OF THE INDUSTRY 
SINCE 1936 


AND NOW! 
EVEN BETTER 
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Full Covwed by "INSIDE THAT COUNTS 
RT The efficiency of 
oreign Patents 


Luber-finer’s Patented 
Process Pack 
has never been 


Save Time and Money with 
Luber-finer’s FASTER 
SIMPLIFIED Pack Replacement 


Luber-finer Exclusive Features: 


@ Single Bolt Closure —Ingeniously 
designed Clamping Ring utilizes 
Single Bolt Closure for quick, easy 
Pack Replacement. 

e Positive Sealing Gasket—Long 
lasting “O” ring type gasket assures 
leak-proof lid closure at all oper- 
ating pressures. 

@ New Type Internal Design and Con- 
struction— Provides multiple seal to 
eliminate the possibility of oil by- 
passing the Luber-finer pack. 

e@ Dual Safety Valves— Prevents oil 
drainback, assuring exact crank case 
oil level reading at all times, stops 
oil from circulating through unit 
if lines are reversed or if Luber-finer 
is otherwise improperly installed. 
@ One-Piece Extruded Steel Housing — 
Plus rugged mounting brackets in- 
sures durability and long, trouble- 
free operation. 

e@ Time-Tested Patented Filtering 
Process—Only in genuine LUBER- 
FINER PACKS-—the exclusive pat- 
ented filtering process proved by 
millions of satisfied users. 





_ that has been taken from the gas line 








For Complete Information Write Dept. 690 


LUBER-FINER, Inc. 


2514 S. Grand Ave., Los Angeles 7 
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tank for diaphragm pump supply gas 


and reduced with small-volume regu- 
lators. Ball and seat check valves on the 
discharge line of the diaphragm pump 
are protected from the corrosive effects 
of the sodium bichromate by a water- 
resistant grease which is applied 
through a grease fitting. 

Bichromate is also injected by use of 
a horizontal lubricator. The mixed in- 
hibitor is run to a lubricator after it has 
been mixed in a concrete vat. Wooden 
steps and a platform faciliate the addi- 
tion of the inhibitor. 

A vertical lubricator is used for cor- 
rosion inhibitor injection in the Carth- 
age field. Liquid is added to the lubri- 
cator after the gas pressure has been 
released. 


Solid Inhibitor Injection 
Equipment 

Gas wells in the Bay City area are 
sometimes treated with solid sticks of 
corrosion inhibitor. The sticks are 
dropped through a special head into the 
tubing and will dissolve as they fall by 
gravity. With this type of treatment the 
wellhead must be equipped with an in- 
stallation that acts as a liquid lubrica- 
tor. Stick inhibitors are added daily in 
varying number depending on the re- 


ae of treatment for the partic- 


ular installation involved. It was found 
that evenly spaced injection of solid 
sticks was more effective in this area 
than periodic injection. In other words, 
better protection resulted from one 
stick every day than five sticks every 
five days. 


Inhibitors 

A survey of the inhibitor market 
shows that a dozen different manufac- 
turers are furnishing corrosion inhib- 
itors to the industry under many dif- 
ferent trade names. In many areas 
formaldehyde, potassium dichromate 
or sodium bichromate are used as cor- 
rosion inhibitors, while in other areas 
trade-name inhibitors are used almost 
exclusively. Many oil company engi- 
neers are making a systematic survey 
of inhibitors to determine which will 
be most effective in particular areas. 

Corrosion inhibition apparently is 
coming to be an accepted part of gas 
production in many areas, and the op- 
eration of testing equipment, injection 
equipment, and the handling of inhib- 
itors has come to be a part of the pres- 
ent day duties of field operators and 
pumpers. 

It is also evident that corrosion in- 
hibition is a vital problem in gas areas 
of Texas, although methods of treat- 
ment and injection may differ widely. * 





« Guy Derricks and Rigs 







““bolt”’ 


the Fast Safe Way with 
CHANCE 
PLATE ANCHORS 


Chance Plate Anchors are the most efficient 
anchors made for permanent derricks and 
heavy drilling rigs. They can be installed in a 
fraction of the time required for burying old 
pipe or setting concrete blocks, and they 
through undisturbed earth. They do 


not rely on back-filled earth for holding 
power. The reinforced steel plate withstands 
exceptional pulling strain without distortion. 


Holds up to 50,000 pounds in hard ground. 


PLATE 
ANCHOR 
INSTALLED 


Send for your catalog of 
Chance Earth Anchors 
for the Oil Industry. 
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Special barges used for many tasks: 
Removing paraffin from tubing and 


flow lines, cleaning and painting 
Christmas trees, wire line work 


Most interesting of workhorses in 
the bayou and marshland located oil 
fields of South Louisiana are the paraf- 
fin barges of Gulf Refining Company. 
These self-propelled units, 60-ft long, 
20-ft wide, and 5-ft deep, are operated 
by two or three man crews who per- 
form such jobs as scraping paraffin 
from well tubing, steaming paraffin 
from flow lines, cleaning and painting 
Christmas trees, running bottom hole 
pressure instruments and safety valves, 
and other wire line work. 

Typical of these operations is that of 
Barge No. 3724 in Gulf’s Timbalier 


Bay field, approximately 90 miles south 
and west of New Orleans in LaFourche 
Parish. This field is supplied from a 
dock at Leesville, Louisiana, from 
which the paraffin barge crews travel 
by taxi boat to the field each morning 
and return each evening along with 
other field operating personnel. 

Barge No. 3724 is of standard size 
and has a draft of from 2 to 4 ft, de- 
pending on the loading. It is propelled 
by a 175-hp outboard propelling unit 
of a type utilized during World War II 

















P 532.71 


to propel supply barges to the beaches 
during military invasions. 

The after portion of the barge deck 
is covered by a 24-ft by 16-ft by 8-ft 
galvanized corrugated iron building 
which has large doors opening toward 
the bow. Housed within this building 
are the control wheel, hand tools, work 
benches, paraffin scraping tools, wire 
line hoist, and a 40-hp steam generating 
unit, which provides 600-psi steam fot 
melting paraffin deposition in flow lines 

Immediately forward of this building 
is open deck working space where the 
long strings of wire line tools are as 





May This automatic steam generating 
unit produces 600-psi working steam pres 
sure in three minutes from cold water and 
makes 1100 Ib of steam an hour (40-hp) 


< 


Company oil 
Louisiana. 


well in Timbalier Bay 


sembled and broken down. This space 
can also be used to transport materials 
and supplies on occasion. 

On either side of this working space 
are two 250-gal horizontal cylindrical 
tanks. One tank is used to store fuel for 
the steam generating unit*, the other 
is used for storing waste oils recovered 
when bleeding pressure from wellhead 
connections. This latter feature was 
provided to prevent pollution of the 
bays. Within the hull of the barge is a 
26-bbi fresh water storage compart- 
ment, which is also piped to the steam 
unit. These tanks permit several days’ 
operation without refueling. 


*Vapor-Clorkson Tex-Steamer. 





On the bow of the barge are two 
vertical wooden-lined steel bumpers 
spaced 3 ft apart to fit against the 
standard well guards used by Gulf Re- 
fining Company. There are also two 
16-ft spuds used to hold the barge in 
position on location. They are situated 
on diagonally opposite corners of the 
barge and are operated with individual 
hand hoists. 


Typical Treating Operation 

In a typical paraffin-treating opera- 
tion the barge is moored with the bow 
resting against a well guard. A string 
of paraffin scraping tools is assembled 


on the open deck of the barge. This 











DETECT STANDING VALVE LEAK 
with J-F DYNAMOMETER 


20 
—— Te 


ss 


ZERO 





Increase in 











Load Shows Standing Valve Leak 
in Just 20 Seconds! 


The load curve above is based on an actual 
J-F Dynamometer test made on a producing 
well. To make this test, the pumping unit is 
stopped on the downstroke after the traveling 
valve has opened. If the standing valve holds, 
the load remains constant. If the standing 





valve leaks, the load on the Dynamometer will increase within 
20 seconds (as shown above), because not only the weight of 
the sucker rods is measured, but also a part of the fluid load. 


OTHER J-F DYNAMOMETER TESTS PROVIDE VITAL FACTS TO HELP YOU 
@ Detect poor counterbalance 
© Stop pulling “green” pumps 
© Increase production efficiency 


@ Reduce sucker rod failures 
@ Select proper size equipment 
e Establish operational control 


4-F DYRAMOMETER VALUABLE INFORMATION 


KNOW THE FACTS 
punrins wes 


Here are two bulletins you can use. 
One describes the J-F Dynamometer 
and how it operates. The other ex- 
plains the instrument's use in checking 
pumps. Call or write for your copies. 


JOHNSON-FAGG 


Engineering Compeny 


54th & Garnett Road 
P. O. Box 7157 





JF DYNAMOMETER 


eed 


Phone 7-3337 
Tulsa, Oklahoma 


Oil Field Pumping Specialists 











string consists of paraffin knife, sinker 
bars, and bumper jars. These tools are 
fastened to the reel of wire line and 
lowered into the well through a lubri- 
cator that is fastened to the top of the 
Christmas tree. The paraffin deposited 
in the tubing is then removed by raising 
and lowering the cutting knife by 
means of a small gasoline-engine- 
driven wire line hoist. 

After the paraffin in the tubing is re. 
moved, steps are taken to clean the 
flow line. The steam unit is connected 
to the flow line and placed in service, 
From cold water the steamer develops 
from 100 to 600 psi working pressure 
in approximately three minutes. Once 
started, automatic controls take over, 
controlling the steam output according 
to demand. 

The heat of the steam raises the tem- 
perature of the oil flowing through the 
flow line, which, in turn, melts the 
paraffin deposited on the internal walls 
of the flow line, thus permitting it to 
be carried on to the tank battery in the 
flow stream. 

The frequency of individual flow 
line treating varies from two weeks to 
two months, depending on the well. Its 
importance is readily apparent when it 
is realized that a suspension of the treat- 
ment would necessitate the removal of 
the flow line for costly mechanical 
paraffin removal. eek 











The Oil Industry's 
Oldest 


Engineering Publication 
It’s The Petroleum Engineer, read and 
relied upon by operating men through- 
out the U. S. and Gfty-one foreign coun- 
tries. The specialized editions of Drilling 
and Producing, Refining and Petrochem- 
ical, Oil and Gas Pipelining and the 
Management Edition’s all-industry cover- 
age are prepared especially for operat- 
ing men. 


Scan carefully the copy in your hands, 
note the calibre and “personal assist- 
ance” value of its contents. 


Subscribe today at the low industry 
rates of $2 a year or $4 for 3 years for 
either Drilling and Producing, Oil and 
Gas Pipelining or Refining and Petro- 
chemical. Management Edition rates are 
$5 a year or $10 for 3 years. 


he Derroleum 


[EmGimneer 


P. O. BOX 1589 DALLAS 1, TEXAS 
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KERR-McGEE 
OIL INDUSTRIES, INC. 


General Offices * Oklahoma City 
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Montana Bureau of Mines Opens Billings Field Station 


Montana Bureau of Mines and Ge- 
ology has established a new petroleum 
field station in Billings as a pemanent 
respository for a collection of cuttings 
and core samples from wells in that 
state. 

Materials of the Montana School of 
Mines in Butte augmented by dona- 
tions from oil companies have formed 
the basic collection of the station. The 
United States Geological Survey has 
also provided materials on a long-term 
loan basis. Samples, as received from 
Montana’s new wells as requested by 
the state Oil and Gas Conservation 


Commission, will be added to the field 
station’s collection. 

Formational material has been 
leased voluntarily by the operators and 
is available for inspection in the field 
station any week day from 8 to 5. A 
catalog listing the wells, their location 
and footage, is made available to any- 
one writing to the Petroleum Field 
Station, Montana Bureau of Mines and 
Geology, Box 405, Billings. 

Operation of the field station is 
under the direction of O. D. Blake, and 
is under the jurisdiction of J. R. 
Van Pelt. 
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Oil in Western Australia 
Sparks New Guinea, Papua 
Exploration 


As a result of the oil showing at 
Rough Range, Western Australia, late 
in 1953 there has been renewed inter- 
est by Australian syndicates in the 
search for oil in Papua and New 
Guinea. Such reaction was not based 
on any geological relationship between 
the Western Australian occurrence and 
the sedimentary basins in Papua and 
New Guinea but on public optimism 
fired by reports of the Western Aus- 
tralian strike. 

During the past year twelve new pe- 
troleum prospecting permit applica- 
tions were received. 

One permit over a rectangular area 
of 1650 square miles, adjacent to the 
Dutch New Guinea border and includ- 
ing the middle reaches of the Sepik 
River, was granted to Enterprise of 
New Guinea Gold and Petroleum De- 
velopment N.L. for a period of 12 
months. 

This company completed a prelimi- 
nary geological survey of three months 
duration over portion of their permit 
area in 1954. 

Australasian Petroleum Company 
Limited and Island Exploration Com- 
pany Limited, both owned by British 
Petroleum, Standard Vacuum and Oil 
Search, an Australian concern, still 
dominate petroleum exploration in 
this region. Their combined holdings 
under permit aggregate 34,844 square 
miles in the major sedimentary basin 
of southwestern Papua. 

Geological surveys, 
and detail, have occupied 24 party 
months. Palaeontological, photogeo- 
logical, petroleum engineering labora- 
tories have been maintained at Port 
Moresby headquarters. Two seismic 
parties, one operating with helicopters 
and one gravity party have been in the 
field throughout the year. 

Three wells are now in progress in 
this area . 

After installing a high pressure well- 
head on the Omati test well drill pipe 
was recovered to a depth of 11,778 ft. 
A window was cut in the 6% -in. casing 
at 11,686 ft and the hole redrilled to a 
depth of 13,780 ft. A 414-in. liner was 
then set at 13,774 ft and hung at 11,470 
ft. Tests are now being conducted 
through perforations to evaluate a gas 
show at 13,743 ft. 

A second test well was spudded in 
about two miles from the No. 1 well 
and was last reported at a depth of 
7,875 ft, 13%-in. casing having been 
set at 5663 ft. 

A camp is being built on the Aramia 
River in preparation for a test well, 
and a 7-mile road is under construction 
to a test site near the Kuru Creek. 
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formation sampling takes a new twist in 
3 at gir drilling. Cuttings are brought from 
late the bottom of the hole to surface in about 


iter- 30 seconds. 
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R. B. Reed, president of Reed Drilling 
pe- Company, Inc., and contractor for the 
ica- test, inspects the bit which cut the first 
822 ft of hole. Teeth and cone bearings 
rea showed little wear. 


Outlook for air drilling brighter as 
formation water problems are overcome by 
high volumes in northeastern Oklahoma test 


$ in 





re Cc. R. Graham DRILLED with air from rathole to 
: ft. Field Editor diamond core, a Tulsa, Oklahoma, test 
sing conducted in late April literally blew 
io a away many of the misconceptions and 

questions surrounding the process 


was 
470 Al ae f* Ri Lil ty t Keener Oil Company’s Osage A No 
ted 


water injection well was drilled by th« 
gas 





Reed Drilling Company, Inc., with the 
joint participation of Schramm, Inc 
Drilling and Service, Foxboro, and 


FO m Eastman Oil Well Survey Company fo: 
the sole purpose of exploring the possi 


bilities of air as a circulating fluid i 
the Oklahoma area. 
Several favorable conclusions wer: 


drawn from the test. It was demon 
Of © O om strated that: (1) Areas with highly com 
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pacted formations normally considered 
hard drilling could be drilled more eco- 
nomically with compressed air, (2) Bit 
life and penetration rates can be im- 
proved by the use of large volumes of 
air, (3) 1800 cfm of air volume is suffi- 
cient to handle formations making con- 
siderable amounts of water, (4) Coring 
with diamond bits and air avoids con- 
tamination commonly caused by mud 
and water, and (5) Overall economy to 
the operator and the contractor is sub- 
stantially improved. 

Although air drilling is being con- 
ducted successfully in Pennsylvania, 
the San Juan Basin of New Mexico, 
Colorado, and California to penetrate 
extremely hard formations, its possi- 
bilities in Oklahoma virtually were un- 
known. 

The well, located in southeastern 
Osage County on the outskirts of Tulsa, 
was drilled in the Flat Rock Pool and 
bottomed in the Bartlesville sand at 
1569 ft. It will be used in Keener Oil 
Company’s waterflood project as an 
injection well. 

Air used in drilling was provided by 
three Schramm compressors, each with 
a rated capacity of 600 cfm. They were 
mounted individually on rubber-tired 
trailers for simplified moving. 

A Unit rig U-34 drawworks and Lee 
C. Moore 96-ft trailer mast was used 
to drill the well. As only light drilling 
weights were suggested for the test. 


two to four 6'4-in. drill collars were 
used with the 4'4-in. drilling string. 
Air from the three compressors was 
manifolded into a 4-in. line to the 4-in. 
standpipe and standard rotary hose. 

To provide permanent recording of 
the air pressure, and supplementing the 
regular air gage mounted near the 
weight indicator, a Foxboro pressure 
recorder was installed in the doghouse. 
Eastman provided a logging instru- 
ment to aid in correlating the drilling 
rate with pressure factors. A running 
record was kept from spudding-in un- 
til completion of the well. The data 
compiled on this test and made avail- 
able to the industry, will undoubtedly 
provide a valuable tool for future air 
drilling not only in Oklahoma but 
elsewhere. 

Water courses in the bits were re- 
moved by acetylene torch to permit 
maximum air flow, thereby minimizing 
down-hole pressure. 

Every step in the drilling process was 
varied to determine optimum condi- 
tions. Rotary speed was slowed and 
accelerated, drilling weights were 
changed, pressures and volumes were 
fluctuated, and the effects of these 
changes were recorded. 

Drilling wellhead assembly was fab- 
ricated especially for the test. The im- 
provised “pack-off” provided a flexible 
rubber grip around the kelly joint to 
channel air and cuttings returned from 


the bottom of the hole out a 6-in. ex. 
haust pipe. This exhaust deposited cut. 
tings about 40 ft from the rig. 

Mud pits and slush pumps that 
characterize regular rotary operation 
were conspicuous by their absence. 

The well was spudded April 20 at 
6:55 p.m. with 85%-in. casing set at a 
depth of 44 ft. Water was hauled to the 
location to cement the casing string. 

On the following day, at 2:20 p.m. 
drilling began with a 7%-in. soft-to- 
medium formation bit. 

First bit was pulled out of the hole 
after reaching a depth of 822 ft, drill- 
ing at a rate of about 66 ft per hour. 
On inspection, the bit was found to be 
in good shape. Cone bearings and teeth 
showed little wear. Rotary speed for 
the first 1000 ft varied between 70 and 
100 rpm. Only small water sands were 
encountered; the water caused forma- 
tion of steam which was ejected at the 
exhaust. Cuttings in dry formations 
ranged from a fine dust to dime-size, 
Samples of all cuttings were taken at 
the end of the exhaust pipe with a 
bucket and small seive. 

High annular velocity of the air 
brought cuttings from bottom rapidly. 
Cuttings were brought from the bot- 
tom of the hole to the surface in as 
little as a half a minute. Ability to bring 
cuttings to the surface quickly made 
it possible to clean out the hole in not 
more than about five minutes prior 
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HERCULES Tacbiseg Heads 


Hercules Tubing Heads were designed 
to meet all the requirements of present- 
day operations. Their simplicity, rug- 
gedness and ease of operation make 
them the favorites of the most success- 
ful operators. 


An All-Purpose Tubing Head in which 
a Neoprene Tubing Stripper can be 
installed (in body of this Tubing Head) 
instead of Slips and Packing, for use on 
semi-flowing wells, or on well servicing 
operations. 
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Yes 
“TYPE you 
so 
TUBING HEAD ner 
anc 
A versatile Tubing Head for formation ye 
“ . fracturing, and for use on flowing wells. ; 
SOLD A Male, female or Oil Saver Top Adapters Pe 
aa available for all sizes. Th 
Wrule tor Complete Information 
HERCULES TOOL COMPANY 
SINCE 1924 Manufacturers of Oil Field Equipment 
GENERAL OFFICES AND PLANT e TULSA, OKLAHOMA “TYPE SOS” ol 
Export Representative Oil Field Equipment Co., Inc. * 30 Church Street, New York, N. Y. STRIPPER TUBING HEAD 
TH 
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Good fit for : 


Yes, from the broad line of Fairbanks-Morse “ZC” Engines, 
you can fit the engine to the pumping unit. No need to 
overpower and waste money...no need to underpower 
and take the chance of breakdown. From 3 to 30 hp. 
there’s a “ZC” that will ideally answer your requirements. 

All “ZC” sizes are high displacement, heavy-duty slow 
speed models. Horsepower is rated for continuous service. 
They are all single cylinder types .. . economical to main- 


A hal ho 
DOD 


%; 
KN 


tain without shop servicing. Simply and ruggedly designed, 
there are no complicated parts and delicate adjustments 
And all engines have the famous extra-heavy, double fly- 
wheels which assure symmetry and perfect balance, poised 
or rolling. Power take-off on either side of the engine .. 
there’s always one flywheel between load and engine. 

See your local supply store or write Fairbanks, Morse 
& Co., 600 S. Michigan Ave., Chicago 5, IIl. 


a name worth remembering when you want the best 


OILFIELD EQUIPMENT e PUMPS @ SCALES @ ELECTRIC MOTORS e GENERATORS @ LIGHT PLANTS e DIESEL, DUAL FUEL & GASOLINE ENGINES e MAGNETOS e DIESEL LOCOMOTIVES 
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to taking formation samples for cor- 
relation and examination. The proce- 
dure involved would be to discon- 
tinue drilling until the hole was clean 
and then continue drilling after sam- 
ples were taken. In conventional dril- 
ling practices, from 45 minutes to 112 
hours are required to clean the hole 
prior to taking an accurate sample. 

Air pressure by the compressors un- 
der normal operation was fluctuated 
between 40 and 75 psi, with a volume 
ranging from 1200 to 1800 cfm with 
no apparent change in velocity. Several 
lime formations were encountered, 
with only slight reduction in penetra- 
tion speed, which averaged about 65 ft 
per hour throughout the test. Water in 
quantity was encountered at a depth of 
1180 ft. Considerable experimentation 
showed that to prevent the sticking of 
drill pipe, the hole must be either com- 
pletely dry, blowing out cuttings in 
chip form, or wet enought, by water in- 
jection down the hole, to bring the cut- 
tings out in a slurry. Slight amounts of 
water deposited mud on the drill pipe. 
Raising and lowering the drill stem 
and increasing the air pressure to 170 
to 180 psi was necessary to prevent the 
bit from balling under such circum- 
stances. Heat of the air being circu- 
lated exceeded 200 F, complicating 
the water intrusion problem. 

Objective of the test was the Bartles- 
ville sand, which was diamond-cored. 
Air coring brought most favorable 
comments from Keener Oil, Drilling 
and Service, which provided core bar- 
rel and bit, and the Earlougher Engi- 
neering Company which compiled the 
core analysis. 

Of the two cores taken, the first 
49-ft cut recovered only 25 ft of sam- 
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*‘Making hole fast,’’ Reed Drilling’s new 





unit rig U-34 drawworks and Lee C. Moore 


trailer mast was on location of Keener Oil Company's well about five days, including 
rigging-up, spudding, drilling, coring, and casing running time. Note cuttings (by 
wheels) that have collected around the improvised ‘‘pack-off’’ under rig substructure, 


ple. Excessive speed and overfilling of 
the barrel was blamed for the incom- 
plete recovery. A rotary speed of 80 
rpm and bit weight of 8000 lb was used 
in cutting the first core. On the second 
core, both rotary speed and bit weight 
were varied with little apparent change 
in penetration rate. This variation 
ranged from 12,000 lb at 75 rpm to 
13,000 Ib and 100 rpm, and a perfect 





Three Schramm 600 cfm compressors provide sufficient air to penetrate water-bearing 
formations as well as lime and shale in the Tulsa, Oklahoma, test. Drilling with the use 
of two of the compressors, at 50 psi, proved adequate for much of the drilling. Pressure 
of about 75 psi was maintained, under normal circumstances, when all compressors 
were in operation. Compressors have International Harvester engines. 
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30-ft core was returned. The core 
analysis seemed to indicate that the 0 
core had better oil saturation and less 
water saturation than is common in 
cable tool or ordinary rotary cores. 
The diamond bit cut through the shale 
(upper 16.5 ft of the first core) at a 
rate of 2 to 3 minutes to the foot. The 
oil sand was cut at about 112 minutes 
to the foot. 

Comment from officials of Drilling 
and Service suggested that air coring 
would be applicable under almost any 
conditions, and especially in this area 
of northeastern Oklahoma. 

The well was finaled at a total depth 
of 1569 ft. Total time was three days. 

The test, which developed through 
the cooperation of Keener, Reed Drill- 
ing, and Clarence L. Boyd, Inc. 
Schramm distributors for the Tulsa 
area, was witnessed by hundreds of 
personnel from other drilling firms, oil 
companies, suppliers, and manufactur- 
ers from Oklahoma and _ neighboring 
States. 

Implications of those directly asso- 
ciated with the test, was that the inter- 
est generated and cooperation received, 
would suggest many air drilling ver- 
tures for the area in the future. 

In any case, much good is achieved 
any time the drilling contractor, pro- 
ducer, manufacturer, and service man 
come together on common ground with 
common problems. zat 
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Drilling Fundamentals 








Dremune an oil well today requires large investments 
in money and equipment, a thorough knowledge of the 
equipment and techniques of operation by specialists in 
many fields. Each well is a problem in itself, with special 
requirements in depth and geologic area, and peculiarities 
in formation structure, weather conditions, and completion 
aims. Purpose of this series is to acquaint the reader with 
various items of rotary equipment, the techniques and per- 
sonnel employed, the variations involved and the associ- 
ated services engaged by the rig owner to solve each drilling 
problem. 


Preparation for Drilling 


Although we are concerned primarily with only the drill- 
ing of a well, much work has preceded a rig’s appearance on 
the well site. This work includes many very different op- 
erations. Deals have been made to obtain leases on land. in 
possible oil and gas country by landmen. Seismic engineers 
may survey the area. Geologists study surface and subsur- 
face stratigraphy as well as nearby or “offseting” wells, so 
that they can propose the depth and position. Specific loca- 
tion of the well is then spotted according to state regula- 
tions of spacing, lay of the land and populated areas. Legal 
procedures indicating intention to drill must be filed and 
requirements of state, and oft-times city, conservation 
boards must be met to prevent contamination of fresh water 
sands from drilling fluids. 

Water, vital to the rotary operation, must be found (and 
paid for) from nearby lakes, tanks or wells, and in many 
cases the drilling of a water well is necessary. 

After these things are done, the rig contractor chooses 
a rig suited to the depth and specific area. Often this in- 
volves addition of a steam boiler for heating in cold cli- 
mates or special safety precautions in some localities. 

Increase in offshore drilling has led to the development 
of a new type drilling rig, designed to operate for several 
days without outside help or supervision, other than that 
available by two-way radio communication. Although these 
rigs may employ different principles of suspension above 
the lake or ocean floor, most of them provide living quar- 
ters for all crew members, employ cooks and general help- 
ers, maintain testing and logging equipment on the rig 
floor, and may even have helicopter landing decks. 

For land locations, bulldozers must prepare the drilling 
site, level the ground, make necessary access roads, and 
mud pits, if necessary, in the particular pattern desired by 
the contractor. 








Moving In, Rigging Up 

Moving in a rig has become a major phase of the drilling 
operation. Many rig owners invest large sums to increase 
the portability of their rigs and develop a high degree of 
efficiency and speed in moving in and erecting their equip- 
ment. More and more sections of the drilling rig are being 
made into compact, mobile units. 

Derricks, drawworks, and engine units are now being 
wheel-mounted for moving to new locations with the slight- 
est delay possible. These sections are fitted with kingpin 
and “fifth-wheel” connections for conventional truck tractor 
~~ *Independent Operator, Dallas, Texas. 
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DESCRIPTION OF OPERATION 


Robert L. 
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Drilling rigs vary in size and in capacity, although the component 
parts remain the same and in about the same position. This rig 
illustrates the principal parts. The blowout preventer, out of its 
normal position beneath the rotary table, is shown with its many 
valves and rams necessary for protection against excessive forma 
tion pressures and unexpected well flows. The lower inset indicates 
the circulating fluid coming from the slush pump down through the 
drill pipe, out the bit and back up the hole. This fluid is returned 
to the surface, cleaned of sand and cuttings in the shale shaker. 
is allowed to settle until it reenters the cycle at the slush pump 
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Although all drilling rigs must exist as independent units, offshore 
rigs such as this Parkersburg must operate for days without outside 
assistance. Complete living quarters are a necessary part of the 
rigs operating in the Gulf of Mexico. 


The Franks Comet model trailer rig, at right, is in direct contrast to 
the large offshore rig. It is trimmed for speed and portability in 
moving and drilling. The Comet is applicable for drilling “slim 
hole” wells and well completion. 





Below is the Wilson Super Titan “66” drawworks for the drilling of 
the deepest of deep wells. This rig has a power input of 2200 hp 
and depth rating of 22,000 ft. 
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Here’s a picture of a situation that happens every 
day. A telephone call from a user of O-C-T Equip- 
ment... and the O-C-T Service Organization gets 
in high gear. 

As a result of its continuous expansion program 
during the past six years, Oil Center Tool Company 
now has the largest service organization in the field 
to help you set and service wellhead assemblies. 

At present, you will find O-C-T service within a 

4 stone’s throw of your operations throughout Texas, 

Somebody is about Louisiana, Okiohene, Mississippi, New Mexico, the 
Rocky Mountain area, Canada and Venezuela. 

to et the best There comes a time on every job when good 

G service from your equipment supplier can save you 

rm h f f | d we And — - a eee, _ 

switch . . . and standardize . . . on dependable 

service In t e re O-C-T equipment. It’s available through more than 

700 supply store points. 


OIL CENTER TOOL CO. 
P. O. Box 3091, Houston, Texas 


Export a Sterling Areas—Le Grand, 
sutcliff & Gell Roch bs England. 


South JEP E,” West Oiltools, C Del Lago 
Hotel, Maracaibo, Venezuela. Address gee in- 

iries for All Other Countries to P. 0. Box 3091, 
ouston, Texas. 
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The “Oilwell” No. 76 drawworks is designed for 10,000-ft. drilling 
and has air-control panel at driller’s position. Power from three 
engines is compounded to drive two slush pumps and the rotary. 


The Failing Holemaster “2500” is a completely truck mounted rig 
rated for 2500-ft drilling with 342-in. drill pipe. Upper section of the 
mast is connected on location and hydraulically raised. Slush pump 
is also mounted on the truck. 


The Ideco “Drive-In” Rambler rig is ready for the road. It is unique 
in that the rig, mast, drawworks, and engine are all on a single 
self-propelled, road-width carrier. The drawworks has a maximum 
rated capacity of 350 hp, and mast can telescope to 95 ft. 


Deeper wells are now characterized by the API standard derrick. This Bethlehem M-819 drawworks has a rated capacity of 1000 hp 
The drawworks of this one is an Emsco J-1100 on a location for a_ in the 8000-14,000-ft class. Modern rigs of this type compound draw- 
well probably to be projected past 10,000 it. works and mud pumps together for increased efficiency and control. 
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National Ideal’s Type 110 is best suited for drilling in the 9000 to 
13,000-ft depth range. It is powered by either four engines in the 


Drawworks and engines of this Cardwell S-350 rig are skid-mounted 
separately for quick, easy loading and simplified rigging up oper- 


moving. Many shallow rigs are built on the bed of trucks 
for complete elimination of costly loading time. Rig “skid- 
ding” is common in established fields where short moves 
between locations are possible. The entire rig is slid along 
the ground with the aid of roller or sled-type skids pulled 
by teams of tractors. 

The value of time at this stage of development cannot 
be underestimated. Standard derricks, for instance, which 
today are used primarily for drilling deeper wells, have 
given way to cantilever and telescoping-type derricks. 
These have eliminated piece by piece, time-consuming con- 
struction previously necessary to drill every well. The 
newer innovations make it possible for drilling crews to 
erect the entire rig ready for drilling in a matter of hours. 

Trucks bring in drawworks and engines to be set into 
place on the rig floor. Slush pumps are placed by the mud 
pits; dog houses, fuel tanks, shale shaker, electric power 
plants and other equipment are set up in position. Drill 
pipe is delivered. 
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300-hp class or by three engines in the 400 to 500-hp range. Draw 
works are assembled conforming to road width and load limitations 


ation. For drilling in the 3500-ft class, this rig has torque converte: 
and air controls, luxuries on the larger rigs not long ago. 


Drilling Personnel 

Now the drilling crews go on tour to handle the rigging 
up. The average staff on duty at one time includes tl! 
driller, a derrick man, and two floormen. 

There are three such crews all under the direct supe 
vision of the toolpusher. He keeps in contact with the drill 
on tour, either by being on the job or through the medi 
two-way radio. As a rule, most toolpushers are drillers w 
have shown the ambition to asusme the responsibility 
the 24-hour job. 

The driller, a man possessing a high degree of musc 
and mental coordination and competence from rig expe 
ence, has complete control of the drilling contractor’s 
vestment on his particular 8-hour period of duty. 

The derrick man holds the next position. His title is 
rived from the work he does in: latching and unlatch 
elevators and racking drill pipe from a position in the upps 
part of the derrick when the drill pipe is being run 
withdrawn from the hole. This man is usually in charg 
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This Unit Rig U-40 is characteristic of the modern rigs in the medium depth class. 


the pumps and mud conditioning program. A fifth man, the 
motorman, shares minor pump repairs on larger rigs. 

The remaining floormen find their tasks in motor main- 
tenance and the manipulation of tongs and slips for mak- 
ing up and breaking out joints of pipe to be run in and out 
of the hole. This operation of going in and out of the hole, 
for purpose of changing bits, etc., is called “tripping.” The 
complete operation is a “round trip.” 

Tongs are wrench-type tools for joining and separating 
the sections of drill pipe. Leverage for manually operated 
tongs comes from “jerk” lines from the drawworks. Air and 
hydraulically operated tongs are now being used for this 
operation. Slips—“wedges” seating in the rotary table— 
suspend the drill pipe in the hole at this time. 

The entire crew is involved in many and varied tasks 
ranging from painting to overhauling pumps and motors. 
They must also, in the rigging up stage, lay water line so 
that water may be pumped into the mud pits in readiness 
for the drilling operation. 

At this time, drilling line is fed into the traveling blocks 
and crown block, atop the derrick, and then rolled onto the 
drawworks drum. Engines are compounded with the pumps 
and drawworks; fuel, air, and electric lines put into position. 

The heart of the rig is the drawworks, which acts as a 
hoist for lifting and lowering all equipment into the hole. 


eR erge. 


Simple air-actuated controls give the driller of this Brewster N-95 
complete ease of operation. The rig combines medium-depth rig 
portability and power for economical drilling of deep wells in the 
8000 to 14,000-ft class. 


The drawworks line moves the hook and blocks—a giant 
block and tackle assembly for increasing the load capacity. 
This drill pipe and drill collar load may reach a dead weight 
of 200 tons. 

Because the rig is in operation 24 hours every day, a 
complete electric power system must be maintained. Not 
only does this system provide light, but in most cases makes 
possible use of radio equipment, starting engines, recording 
and testing instruments, and air compressors. 

When the initial rigging up has been completed, crews 
proceed with the first drilling operation—drilling of the 
mousehole and rathole, holes just ahead and to one side of 
the rotary table. In the rathole is kept the square of hexa- 
gon shaped kelly joint during the period when adding a 
joint of pipe to the drilling string or when making a trip 
(taking out or putting in the hole the entire string for pur- 
pose of changing bits, testing, etc.). The pipe is kept in the 
mousehole before it is “made up” into the string. 

The kelly joint, or top joint of the drilling string, is re- 
volved by the rotary table, usually turned by universal 
joint or chain drive from the central source of power. 


Drilling Services 


Drilling the main hole begins with a large bit for the 
purpose of setting the surface casing pipe. At this time the 
drilling contractor first calls on outside help. He requires a 
cementer to “anchor” the large casing string set at a depth 
sufficient to protect the annulus from intruding water and 
caving formation, and to protect water sands from the drill- 
ing fluid. 

Secondly, the mud engineer is brought in to prescribe the 
particular mud program to be followed. The engineer will 
suggest additions to the drilling water in order to hasten 
drilling speed, to drill pressured formations safely and to 
protect the drillstem from caving structures. These addi- 
tives take many forms: chemical, bentonite clay, barites, 
even cellophane and corn starch. 

The contractor will also engage a drilling bit man to 
handle bit needs of the well. Pilot bits, reamers, and rock 
bits of several types must be obtained—each one chosen to 
drill maximum footage in a minimum time in a certain 
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This Mayhew model 3000 portable rig is designed to drill to 4000 ft 
with 31-in. drill pipe. Drawworks, engine and engine transmission, 
rotary table and the lower mast section are moved on one trailer. 
Mast is raised by two hydraulic lift cylinders. 





formation or series of formations. According to local con- 
ditions and the dictates of the individual contractor, jet bits 
may be utilized. These make fullest use of the drilling fluid, 
which is forced down through the drill pipe and out through 
the bit, returning cuttings from the bottom of the hole. The 
jet bit is fitted with nozzles which spray the drilling mud, 
under pressure, out ahead of the bit to expedite its work. 

The shale shaker cleans the drilling fluid of cuttings and 
other impurities picked up at the bottom of the hole by 
means of an agitating-straining process as the mud is 
returned to the mud pits. Sand and rock that have been 
cut by the bit are thus shaken and washed out of the fluid. 
After the fluid is returned to the mud pits, sufficient time 
is allowed for particles held in suspension to settle before 
mud is picked up again by the mud pump and sent back 
down into the hole. 


Penetration Factors 


The rate of penetration is dependent on several vari- 


ables. These include the bit, weight on bit, rotating speed, 
and circulating fluid. Although the drilling contractor may 
only select the bit that fits his needs, he can directly control 
the other variables. ° 

The weight-on-bit factor may be controlled by adding 


drill collars of extremely heavy steel pipe, between the bit 


and the regular drilling string. The drill collars are usually 
about 30 ft in length and vary from 6 in. to 8 in. in outside 
diameter. There may be as many as 20 collars at the bottom 
of the drilling string. 


Drilling controls are available to regulate the feed off of 
drilling lines from the drawworks drum so as to maintain 
automatically a pre-selected, uniform weight on the drilling 
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bit regardless of variations encountered in formations. 

The rotating speed of the drilling bit depends upon the 
kind of formation, the type of bits, and depth of the hole- 
and in relation to torque limitations placed on the drilling 
stem. 

Control of the circulating fluid lies in the volume and 
pressure of the mud down the hole, as determined by the 
length of stroke and diameter of the bore and speed of the 
slush pump. 


Rig Power 

The power for the pumps has been provided with the 
same mobility and compactness as are other rig components. 
Engines are now put together in “power packages” for direct 
compounding to the drawworks and mud pumps. Gasoline 
LPG, and diesel oil are the most common fuels for these 
engines, although diesel-electric power is growing in popu- 
larity in certain areas. Steam as a prime mover has been 
used for many years and is common today on many large 
rigs on the Gulf Coast. 

Power to operate the rotary table is usually drawn from 
a drive shaft on the drawworks. A separate engine, how- 
ever, is sometimes used. Hydraulic power—similar to that 
used to agitate the shale shaker, engage brakes and other 
controls—is now being tried for this purpose. 


Well Completion Practices 


Cores are taken for a better study of earth structure than 
can be gained by cuttings analysis. To get a core involves 
replacing the conventional bit with a core barrel and spe- 
cial bit that retains a cylindrical, unbroken, uncontaminated 
section of the formation being drilled. The core barrel 
resembles a drill collar in appearance and size with a multi 
cutter or diamond-tipped bit. 

While the rig is still on location, the well is usually elec 
tric logged and the “pay” zones are drillstem tested. Both 
these services are performed by engineers. Electric logging 
records formations as encountered in the well bore, showing 
on film a different reading for each texture. Drillstem testing 
samples the potential strength of the porous horizon, 
whether oil, gas or salt water. 

On completion of a successful well, casing pipe is 
set by the drilling crew. This pipe, which is cemented into 
place, prevents fluid intrusion or formation caving in the pay 
zone. To open the producing formation into the pipe, this 
section is perforated with holes by means of bullets or shots 
detonated from explosive-charged chambers. This service is 
performed by perforating specialists. 

Substitution of air and natural gas for the conventional 
fluid circulating media may prove a new horizon in the 
drilling field. Air compressors would replace the slush 
pumps in this case. Standard rotary equipment is used in 
this method, eliminating the need for mud pits and shale 
shakers. 

Such changes in drilling reflect the constant change un 
dergone on each rig and the industry as a whole. Although 
the aim today is the same: Drilling wells fast and at low 
cost, the emphasis has changed concerning the method of 
arriving at this end. Not so long ago, the drilling of a well 
was associated with wooden derricks, jack-posts, and large 
drill pipe, and was surrounded by a waste in materials, in oi! 
and in manpower. 

No longer does the drilling contractor think in terms of 
“doing it bigger,” but rather in “doing it better” with rela 
tion to weight, time, safety and profit considerations—a 
more-power-per-pound approach. 

With this set of values in mind, the rig of today takes on 
a complex appearance. Each individual rig is a composite 
of many separate pieces of equipment, interlocked into a 
singular tool to drill satisfactorily a hole in a particular 
depth range and a particular geologic area. 
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FIG. 1. Mixing truck at left and pump truck at 
right prepare to fracture Rocky Mountain well. 


“Jatlor- Made FRACTURING 


Pays off in the Rockies 


Best results indicated by 
prescribing treatments 
based on individual well 


study and conditions 


Warren L. Sallee 
and Al Gionta 


In order for fracturing to provide 
maximum stimulation of wells in the 
Rocky Mountain area, various types 
of fracturing fluids are employed. For 
each well, a specific fracturing fluid is 
selected, together with auxiliary chemi- 
cals, sand concentration, and treatment 
technique. These selections are based 
on field experience, data and research 
that provide a practical knowledge of 
the producing formations and the man- 
ner in which it responds to fracturing 
treatment. Results have indicated that 
such fracturing treatments designed for 
each well are providing substantial 
production increases in the Rocky 
Mountain area. 

Although opinions differ as to the 
manner in which these production 
boosts are achieved, theoretically, 
hydraulic pressure is utilized to induce 
fractures in the formation, by means of 


which formation fluids can reach the 
well bore. Sand carried into the form- 
ation by the fracturing fluid remains, 
holding open the fracture after the 
hydraulic pressure has been released. 


Fracturing Fluids 

Not only should a fracturing fluid 
be readily available and economical, 
but it must suspend sand adequately 
and have proper fluid loss character- 
istics. In the well, it must thin at the 
proper time and not form a stable 
emulsion that might limit production. 
Further, it should not discolor stock 
tank oil. 


Fracturing fluids can be classified 
as: 


(1) Hydrocarbon gels 
(2) Aqueous gels 
(3) Emulsions 
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(4) Refined oil 
(5) Lease oil 
(6) Miscellaneous fluids. 


Hydrocarbon gels are prepared by 
adding gelling agent to the hydro- 
carbon, increasing its viscosity so that 
it will support sand adequately. In the 
formation, the gel is broken by the 
presence of salt water or a mineral 
acid, or by dilution with additional 
quantities of hydrocarbon fluid. A gel 
breaker also may be employed. 

Aqueous or water-base gels, such as 
thickened hydrochloric acid, are similar 
in many respects to the hydrocarbon 
gels. They are formed by the addition 
of a gelling agent or thickening agent 
to brine or acid. An added advantage 
in the use of the acid type gel is the 
combined fracturing and acidizing 
action that is obtained in treating a cal- 
careous formation. This reaction with 
the formation results in the “break- 
down” or thinning out of the viscous 
fluid, allowing it to be returned to the 
well bore following the treatment, 
without the use of an auxiliary gel- 
breaker. 

Gel acids are adaptable to a wider 

variety of well conditions than are 
hydrocarbon gels because the com- 
position may be varied as the solu- 
bility of the formation varies. The vis- 
cosity of the gel may be ‘controlled 
over a wide range, as the treatment 
dictates. However, fracturing fluid 
having a high viscosity requires in- 
creased surface pressures for pumping 
as a result of friction losses. 
“In acid soluble formations, gel acids 
cause the deposition of a temporary 
film that reduces fluid loss without re- 
quiring a high viscosity. Inert. solids 
may also be added to these solutions to 
control the fluid loss. r 

Another type of fluid garrying agent 
is the controlled emulsion composed of 
acid and some hydrgcarbon, usually 
kerosine. These emulsions are suffi- 
ciently viscous to carry sand in suspen- 
sion and act as fracturing agents in a 
well. They also possess exceptional sand 
carrying ability, due to the. thixotropic 
nature of the emulsion. However, they 
are basically unstable and are designed 
to revert to a free-flowing fluid within 
a few hours following the treatment. 
This breakdown is brought about either 
by the presence of an.acid reaction pro- 
duct, or due to the. .emulsifying agent 


being adsorbed onto the surface of the a 


formation. The chief advantage of this 
type of fluid is its ability to revert from 
a high viscosity to a low viscosity with- 
out the aid’of an auxiliary gel breaker. 
This property is advantageous in ex- 
tremely low bottom hole“pressure wells 
where lengthy clean-up periods may be 
required after other type fracturing 
treatments. 
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QUESTION 
- 


Q | Why is oil at the bottom of 
_ the well like money in a safe 
_ deposit box? 5 


Q | How can they be activated? 


Q Why purchase and install 


| Can this condition be changed? 


ANSWER 


Because it is a LIQUID ASSET 


| IN DEAD STORAGE WITHOUT 


EARNING POWER. 


Yes — both can be activated 


and given earning power. 


_ Draw some of the money 


| from the safe deposit box — 


purchase and install a Pacific 


Oil Well Plunger Pump 


in the well — pump the oil 


| to the surface. MONEY IN 
| CIRCULATION — OIL IN 
| CIRCULATION — BOTH WITH 


| Pacific Oil Well Plunger Pumps? 






| 


POWER TO EARN. 


Because only Pacific gives you 


| the EXCLUSIVE MOLOY® 


LINERS with the strength, 


| toughness, hardness, combined 
with greater resistance to 


temperature, corrosion and 
abrasion essential for long, 
economical life. 












pacitic Pumps inc. 


Plungers — Chrome-Plated then Pacilited 
for extra wear life. 


Valves and Seats —To fit well conditions. 


Extra Heavy Seats — Resist hammering of 
ball with less chance of distortion. 





HUNTINGTON PARK, CALIFORNIA 








Export Office: Chanin Bldg., 
Offices in All Principal Cities 


To obtain more information on products advertised see Page E-43 


122 E. 42nd St., New York 





B-121 











The fluid loss of an emulsion is 
usually quite high. When a low fluid 
loss emulsion is desired, the acid phase 
may be made from gelled acid, or inert 
solid particles can be included. 

In many cases, special refined oils 
are used as a fracturing fluid. These 
consist of crude oil from which the very 
light and very heavy hydrocarbons 
have been removed. Fuel oils, rather 
than kerosine, are most commonly 
used. By blending these heavier fuel 
oils with kerosine, practically any de- 
sired viscosity may be obtained. 

The advantage of using a refined oil 
fracturing fluid is that, in the formation, 
it absorbs large volumes of free gas. 
This causes thinning and allows it to 
return to the well bore as a free-flowing 
fluid that does not discolor or seriously 
lower the gravity of the stock tank oil. 
When used in areas where emulsion 
problems have previously been en- 
countered, a conditioning agent is usu- 
ally incorporated in the fracturing fluid 
to prevent stable emulsions from form- 
ing, and to facilitate the return of the 
fracturing fluid. 

Although lease oil has been used 
occasionally to perform fracturing 
treatments, it is less desirable than 
refined oil for a number of reasons. For 
one thing, such crude oil usually con- 
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tains a number of fine particles that 
may be instrumental in causing emul- 
sion difficulties in the formation. The 
sand carrying ability and fluid loss 
properties of most crude oils are very 
poor. Higher injection rates are re- 
quired to obtain the same fracture 
penetration accomplished by more vis- 
cous fluids. Low concentration of sand 
must be used or screenouts are likely to 
occur. In addition, a definite fire hazard 
exists when crude oils are handled in 
open tanks around pumping equip- 
ment. 

Graded sand injected into the frac- 
tures during the treatment, acts as a 
propping agent to hold open the frac- 
tures. The permeability of the injected 
sand bed will be much greater than the 
original formation permeability. Most 
of the sand used in fracturing work to 
date has been graded sand of a distinct 
size range, such as 20-40 mesh, or 40- 
60 mesh. Such sand, because all par- 
ticles are more nearly the same size, will 
show greater “in place” permeability 
than will a sand having a greater range 
in particle size. In an ungraded sand, 
the small sand particles tend to fill in 
the voids between the larger sand par- 
ticles. 

Most fracturing operations are con- 
ducted using round-shaped sand grains. 
For some applications, however, angu- 
lar-shaped sand may be preferable, 
because of its scouring action even 
though higher pressures are required to 
inject it into the formation. Generally 
speaking, the angular sands appear to 
give better results in softer, incompe- 
tent formations. 

A recent improvement in fracturing 
techniques has been to use two or more 
kinds of sand. For example, in a tight 
section of formation a small size round 
grain sand might be used initially, fol- 
lowed by a coarser round grain sand.* 
This coarser sand could penetrate readi- 
ly the opening in the formation already 
formed by the finer sand preceding it. 
This would result in maximum advan- 
tages, in regards to extent of fracture, 
residual permeability and decline curve. 

The proper concentration of sand, 
carried in the fracturing fluid, is deter- 
mined by the type of carrying agent, 
the nature of the formation being 
treated, and the equipment through 
which is must be pumped. Results im- 
prove, in general, as the size of treat- 
ment is increased. 

Other chemicals frequently are used 
to increase the effectiveness of a frac- 
turing treatment. Mud acid may be 
employed to disintegrate the mud cake 
from the face of the formation. This 
results in lowering injection pressures, 
and dissolving materials that may cause 


*U. S. patent 2354570. 





restriction to flow. Special additives 
may be included to reduce silicate 
swelling, prevent emulsions, and de- 
crease surface tension. 

It is often advantageous during the 
fracturing treatment, to divert the frac- 
turing fluid from existent fractures in 
order that additional fractures may be 
opened. This may be accomplished by 
injecting a thickened kerosine-base 
fluid carrier, containing graded solid 
particles that filter out, forming a filter 
cake to seal off the fracture. These solids 
react with each other in the filter cake, 
resulting in their subsequent liquefica- 
tion. Thus, the filter cake is designed to 
destroy itself, leaving nothing behind 
to interfere with production from the 
previously plugged zone. 








Case Histories 

The application of these fracturing 
techniques to the various formations in 
the Rocky Mountain Area, has resulted 
in gratifying production increases, in 
both old and new wells. Representative 
examples are listed in Table 1, together 
with production data. 

That the fracturing treatment pro- 
duces a satisfactory production increase 
is, of course, important to the operator. 
Of equal importance is the rate of de- 
cline of the stimulated well. Increased 
production should be sustained if the 
fracturing treatment is to be considered 
a success. Fig. 1 is a typical decline 
curve of a well producing from the 
Frontier Sand in Wyoming. After frac- 
turing, the additional production had 
paid for the treatment in slightly over 
a month. During a subsequent period 
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TABLE 1. Fracturing results (Wyoming). 





Formation Previous Treatment 


: Sand 
Fracturing Flu (gal) (Ibs) 


Prod. Before Prod. after 


6000 with 8000 acid 


12,000 acid 


Embar lime 5000 acid (comp) 
(old well) (40 Bopd) 
Tensleep None 
(old well) ': 


Embar lime 


(new well) 2 zones 


1500 with 


; 1500 mud acid 

Tensleep None 250 temp. plug 
(old well) 
Embar lime 5000 acid 

(old well) 
Shannon Sand None 3 

(new well) 
Frontier 
(old well) 


3000 with 
5000 acid 
000 


Fractured 4000 
(no improvment) 





= 





250 Temp plug— 
y 
3000 with 4000 acid 7500 12 Bopd 


1500 mud acid 


2500 temp plug 


12,000 Swabbed 


225 Bopd (Swab) 
Dr 


165 Bopd pump tst 
63 Bopd 


2250 BO/ 


/135 BW 
190 Bopd 
60 Bopd 


132 Bopd 
(pump) 


BO/ 

/45 BW 
2500 62 Bopd 
6000 15 Bopd 
3000 15 Bopd 


(Swab) 
4000 19 Bopd 





ESTIMATED 
cost 


BARRELS OIL PER DAY 





FRONTIER SAND 
CWYOMING) 


Vuj8* $700° BBLS. 


3M0. 4M0 
TIME 


FIG. 2. Decline curve of a new well producing from the Frontier sand in Wyoming. 
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ESTIMATED 
PAYOUT 


BARRELS OIL PER DAY 
2. 2. 8 2 


8 


EMBAR LIME 


_ BIG HORN BASIN 
| 


3MO 


TIME 


FIG. 3. Decline curve of a new well in the Big Horn Basin. 


of less than 3 months, 5700 bbl ad- 
ditional were produced. Fig. 2 is a typi- 
cal decline curve of a new well in the 
Big Horn Basin, producing from the 
Embar Lime. The 3800 bbl of oil re- 
quired to pay out the treatment was 
produced in little over 2 weeks. Dur- 
ing the subsequent 44% month period, 
21,000 bbl of oil were produced. 
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Although generalizations are diffi- 
cult, it appears conclusive that the frac- 
turing process is providing profitable 
results in most instances. In addition, 
fracturing is certainly stimulating new 
field of activity in the Rocky Mountain 
area that should result in the addition 
of significant volumes of oil to the 
nation’s recoverable reserve. * * * 
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with the NEW 


KON-KAVE BOW 


B and W KON-KAVE 
BOW combines a curved 
Cross - section, highest 
quality spring steel, 
drop forging, and the 
proper heat treatment 
to relieve all stresses 
created in forming and 
welding B and W KON- 
KAVE BOWS. 


FIRST 
IN THE 
FIELD! 


@ Strongest — greatest 
resistance to side thrust. 


@ Most resistance to 
deformation .. . 


@ Easiest to install and run. 


B:“W luce. 


Well Completion Specialists 


WEST COAST 
Box 3751 
Los Angeles 54, Calif. 
Phone DA-4-1106 


GULF COAST 
Box 5266 
Houston 12, Texas 


Phone WA-3-6603 
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Trailer-Mounted Rigs 
Cut 
Downtime Between Wells 


This trailer-mounted rig, for use in 
foreign operations, is one of the largest 
ever made. It has a sand reel, dual 
engine drive, and extra fuel tank 

over the trailer ‘‘gooseneck.”’ 
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Drawworks, engine, and masts take to the 


road in a renewed effort to diminish 
valuable moving and rig-up time 


Neil B. Biggerstaff 
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U NTIL a few years ago, trailer. 
mounting was considered applicable to 
only the smallest rigs, essentially those 
used for well-servicing. Now rigs cap. 
able of drilling to 4000 ft and deeper 
with 414 -in. drill pipe are being trailer. 
mounted for use in the United States 
and even larger rigs are being trailer. 
mounted for service in foreign opera- 
tions. 

It is interesting to conjecture as to 
what depths will be reached by the 
trailer rigs of a few years from now, 
The answer will be different for the 
United States, with strict highway lim- 
its enforced in most states, than it will 
be for foreign operations, where there 
are usually no such limitations to con- 
sider. It is safe to say, however, that 
both in the United States and abroad, 
the trailer rigs of the future will be able 
to drill efficiently to greater depths than 
those of today. 

For operations requiring sizable 
moves between holes, the mobility of 
a trailer rig is a great advantage. Re- 
cently a drilling contractor in Texas 
reported that he was able to tear down, 
move, and be rigged up in 16 hours 
at a new location 70 miles away. At 
about the same time, a contractor in 
Wyoming, using a rig of the same type, 
but with the drawworks, power equip- 
ment, and mast mounted on a 10-ft sub- 
structure, reported that moves ranging 
from one-half to five miles each re- 
quired an average of 15 hours. 


Less Time Lost Between Holes 
With a trailer rig, when the hole is 
finished, the mast is lowered and re- 
tracted, a truck is attached to the 
trailer, and the rig is transported to its 
next location. A second truck hauls the 
substructure while a third moves the 
pumps. It is not necessary to disturb 
the alignment of the engines, the drive 
to the drawworks, and the rotary drive. 
Blocks are left permanently strung, the 
mast does not have to be dismantled, 
and the rig floor set-up is permanent. 
Not only is moving time between 
holes reduced, but also the damage to 
equipment, caused by frequent assem- 
bly and disassembly, is lessened. 
Although the use of a_ trailer 
mounted rig keeps quite a bit of “roll- 
ing stock” tied up and idle much of the 
time, many operators believe the rig’s 
greater mobility compensates for this. 
The popularity of “slim hole” ex- 
ploratory drilling has added to the in- 
terest in the trailer-mounted rigs. By 
drilling small holes, using 27%-in. oF 
smaller tubing, a rig can reach fat 
greater depths than would be advisable 
using 414-in. pipe in normal drilling. 
For instance, one rig*, normally con- 
sidered appropriate for drilling in the 
1500 to 3000 ft ranges, is being used 


~ *National T12. 
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This trailer rig carries a draw works big enough to drill to 
7500 feet with 4'-inch drill pipe, as well as the engines and a 
96-foot mast. The axle load exceeds that permitted on United 
States higthways. Jacks take the weight off the trailer bogie 
during drilling operations. The mast requires the use of two guys. 


successfully to drill slim holes to 4200- 
4300 ft, and can drill considerably 
beyond that depth. Because this rig is 
trailer-mounted, it can be moved from 
a location in central Oklahoma to a 
new location in Kansas, 460 miles 
away, in 20 hours. 


Use Folding Telescoping Masts 

Contributing toward the trailer- 
mounting of more powerful rigs has 
been the development of new tele- 
scoping and folding structural masts 
that are lighter and easier to trans- 
port than earlier derricks. A mast that 
is nearly 100 ft tall when extended, can 
be retracted to about half that length 
and folded down on a trailer. The 
trailer also carries the drawworks, 
rotary, engines, and drive, without ex- 
ceeding the customary state highway 
limitations. 

Some of the newest masts are guy- 
less, lessening the time and trouble of 
rigging up. The trailer rolls up a ramp 
and is locked into position on a sub- 
structure that provides the necessary 
rigidity and stability. 

In most states, if a vehicle travels 
the public highways its width with its 
load cannot exceed 8 ft and height 
cannot exceed 12% ft. Most rigs 
offered today, whether trailer-mounted 
or not, are kept within these limitations, 
or are made in sections, each of which 
Is within the limitations. 

When a rig is mounted on a trailer, 
the matter of weight becomes very im- 
portant. An oversize sand reel, for in- 
stance, may put a rig above the weight 
limit. Dual or triple trailer arrange- 


THE PETROLEUM ENGINEER, June, 1955 





ments are being used in some cases to 
transport rigs that are too heavy for a 
single trailer. 


Weight Carefully Distributed 

One dual trailer rig carries the draw- 
works, engines, and mast support frame 
on one trailer, with the total weight dis- 
tributed to place 17,710 Ib on each rear 
axle. The other trailer carries the mast, 
rotary substructure, rotary, and hook- 
block, with 16,750 lb on each rear 
axle. This keeps the load within the 
limit of 18,000 lb per axle that is en- 
forced in a number of states. 

A mast manufacturer is offering a 
three trailer arrangement for a rig 
rated for drilling to 5000 ft and deeper 
with 414-in. drill pipe. The draw- 
works, together with its engines and 
drive, is mounted on a triple axle 
trailer. The mast is hauled on two addi- 
tional trailers. 

When it is planned to use a rig much 
of the time in a small area, rarely going 
on paved roads, state highway limita- 
tions are less significant. Whenever 
the highways are used, part of the load 
can be removed from the trailer. If 
a rig travels considerably from field to 
field, however, and is so big that heavy 
equipment must be removed in order to 
use the highways, part of the advan- 
tage of trailer-mounting is lost. 


Fewer Limitations Overseas 

For foreign operations, there are 
usually no highway limitations to con- 
sider, so the weight of a trailer rig is 
less important than its mobility over 
rough roads and rugged terrain. Sev- 


~ 


eral trailer rigs used in Venezuela have 
drilled without difficulty to 7500 ft 
These use guyed masts, and employ 
jacks to take the weight off the traile: 
bogie during drilling operations. 

Guyless rigs, with ramp-type sub 
structures are now coming into use in 
foreign operations. The lack of a weight 
limit permits more engine horsepowe! 
and additional accessories to be 
mounted on the trailer. One rig has a 
sand reel, dual engine drive, and an 
extra fuel tank over the trailer “goose 
neck.” 

Trailer-mounting of the larger rigs 
has been handicapped by the difficulty 
of utilizing the drawworks engines to 
drive the pumps. To overcome this 
operators in foreign areas are consid 
ering the use of a countershaft from 
the engine drive to drive a propeller 
shaft that is direct-connected to the 
pump. Another solution is to trailer 
mount the pumps. 

The lack of highway limitations in 
foreign operations make it seem that 
a rig of any size, even the largest, 
might be trailer-mounted. If a traile1 
load becomes too big or to heavy, how 
ever, the vehicle’s mobility over rough 
roads and rugged terrain is reduced 
and the advantages of trailer-mounting 
are lost. Similarly, if the load is dis 
tributed among a whole procession of 
trailers, in order to get mobility, the 
amount of capital tied up in rolling 
stock may become excessive. 

The answer for the future, both at 
home and abroad, probably lies less in 
packing heavier rigs on trailers than in 
putting more power into a trailer ris 
of a given size and weight. Manufac 
turers are doing much to reduce the 
size and weight of components. It can 
be expected that the increasing use of 
trailer-mounted rigs will accelerate this 
trend. kk * 
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EXPLORATION ACTIVITIES 





KANSAS 

% Gulf has completed its No. 1 Zora 
as a direct offset to the discovery well 
in Pyle field, Kiowa County, for a max- 
imum 24-hour potential of 3000 bbl 
calculated. Located 12 miles from 
Greensburg, the well drew the top 
permissible state rating on bottomhole 
gage test which showed an indicated 
productivity of 5093 bbl daily. Pro- 
duction of 36.7 deg oil through perfo- 
rations came at 4640-50 ft in the Mis- 
sissippian, topped at 4637 ft, after 
reaching a total depth of 4699 ft. The 
opener, No. | Clara Pyle, of Gulf and 
Falcon-Seaboard Drilling was com- 
pleted last January for a state potential 
of 304 bbl. 


MICHIGAN 


% Pure Oil Company has finaled a dis- 
covery about 14 miles from the Detroit 
city limits. The initial producer in the 
area from the Niagran limestone, 
flowed 174 bbl of oil in 4% hours on 
test from a section at 3091-3102 ft. 
The well is officially designated as the 
Pure-Taggart Crowe-Fraser Consoli- 
dated No. 1. There are other wells in 
the area that produce from the Tren- 
ton. 


TEXAS 

* Phillips Petroleum Company has 
a third discovery well on its 22,000 
acre block in northeast Gray County 
in the Texas Panhandle. The new well, 
the No. 2 Delp, without acidization 
flowed gas through 1-in. top and %- 
in. bottom chokes on successive drill 
stem tests at daily rates of 12,600,000 
and 13,200,000 cu ft and a spray of 
condensate from 20 ft of Granite 
Wash in intervals 7732-7742 ft and 
7742-7752 ft. Coring and testing of 
the well are continuing. The new well 
is five-eighths of a mile northwest of 
Phillips No. 1 Delp, an oil discovery 
completed last August in a different pay 
section of the Granite Wash at approxi- 
mately 9500 ft, and 12 miles from the 
company’s recent Ellenburger oil dis- 
covery, the No. 1 Troy “A” The 
No. 2 Delp is 15 miles northeast of 
Pampa. 


* Discovery well in the new Black 
Hill field, located in Maverick County 
some 20 miles east of Eagle Pass, is 
Continental Oil Company’s N. J. Chit- 
tim No. 1 well. The wildcat was com- 
pleted at a total depth of 4134 ft in 
fractured Eagle Ford shale. On open 
hole test it flowed 103 bbl of 28.6 deg 
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oil and 26 Mcf of gas through a 6/64- 
in. choke in 24 hours. Tubing pressure 
was 825 lb and gas-oil ratio was 252 to 
1. Five-and-one-half-inch casing has 
been set to 3109 ft. Conoco controls 
approximately 145,000 acres in the 
immediate vicinty. Nearest previous 
production is in the Chittim Field, 
about five miles north, where produc- 
tion is from the Rodessa limestone at 
6000-7000 ft. 

% Discovery allowable has been re- 
quested for a Runnels County dual oil 
discovery of W. W. West. The No. 1 
Lillie B. Fennell flowed from both the 
King sand and Cisco reef, on a loca- 
tion 412 miles west of Winters. Flow 
from the King sand gaged 199 bbl of 
43.8 deg oil with no water, and had a 
gas-oil ratio of 489-1. The upper sand 
was picked up at 2763 ft and tested 
through perforations at 2764-2774 ft 
on a 16/64-in. choke. This section was 
washed with 500 gal of mud acid. The 
lower pay, the Cisco reef, yielded 224 
bbl of 43.8 deg oil, with no water, on 
initial test. The Cisco was topped at 
2816 ft and test was conducted through 
perforations at 2929-2949 ft on same 
size choke. This completion was nat- 
ural. Tubing pressure was 210 Ib, with 
packer on casing. 


CALIFORNIA 

* MJM & M Oil Company has 
moved in to drill a wildcat in the 
hole country of San Luis Obispo Coun. 
ty, 3 miles southeast of Paso Robles, 
The well will be located on Sec. 11,275. 
12e and will be designated Stanford. 
Johnston No. 1. It is expected to ex. 
plore for Vagueros sand production 
between 3500 and 4000 ft. 

* Sunray Mid-Continent has recom. 
pleted Fred Smith A No. 76-34 for 
initial production of 550 bbl daily 36 
deg crude. SDX went back into the 
suspended well and made the discovery 
in the Basil Temblor sand while test- 
ing up the hole. The well is located 
on Sec. 34, 20-16 in the Guijarral 
Hills field of Fresno County. Produc. 
tion is from an interval between 7885- 
7908 ft. SDX has now moved to an 
old producer, Allison A No. 52-34, 
one-half mile northwest of the Fred 
Jones well to conduct a similar test. 
* Union Oil Company and others 
will drill a new wildcat one mile north 
of nearest production in the Guijarral 
Hills field of Fresno County. The test 
is to be known as Helm Company, 
Hans R. Sumpf and Robert Sumpf, 
Pleasant Valley No. 8-14 and will be 
located on Sec. 14, 20-16. 





























Summary of Drilling Activity for April. 


(As compiled by Rinehart Oil News Staff) 
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’ Wildcat Field Junked Temp. Abandoned Current 
States locations completions completions &abnd. abandone locations _ active wells 
We Field Oil Gas Dry Oil Gas Dry We Field Wo Field We Field We Field 
Alabama. ..... 7 15 0 0 11 7 0 7 1 0 0 0 0 1 3 l 
Arizona....... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Arkansas...... 12 56 0 0 7 34 0 194./0 1 0 1 0 1 10 
Canada 

(Williston B.). 15 51 0 0 9 42 0 2 0 0 0 0 0 7 8 13 
Colorado...... 59 58 3 2 55 22 3 16 1 0 0 0 0 0 5089 
Florida........ 6 0 0 0 1 0 0 0 0 0 0 0 0 0 4 0 
Georgia. ...... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
| ae 0 0 oO 0 0 0 0 0 0 0 oO 0 0 0 1 0 
Kansas........ 92 266 10 3 64 150 32 90 0 0 0 0 0 0 68 395 
Louisiana... 62 289 4 5 26 4 8=6162 23 49 0 3 4 6 2 16 88 272 
North.... 17 147 0 0 8 97 6 17 0 0 0 5 1 11 13 56 
South....... 33 121 2 4 15 55 17 31 0 1 4 1 0 5 55181 
Offshore... .. 12 21 2 1 3 10 0 1 0 2 0 0 1 0 20 «35 
Mississippi 19 41 0 0 12 15 1 15 0 0 0 0 0 1 17 19 
ontana...... 7 17 0 0 3 5 0 3 0 0 0 0 0 1 17 _ 4 
pkbaunre 3 7 0 0 1 2 0 0 0 0 0 0 0 1 7 10 
Re xdamae 4 10 0 0 2 3 0 3 0 0 0 0 0 0 10 ll 
North Dakota 4 12 0 0 5 13 0 3 0 0 0 0 0 0 3 21 
Nebraska...... 15 32 5 0 9 18 2 12 0 0 0 0 0 0 20 «48 
Nevada....... 0 3 0 0 0 3 0 0 0 0 0 0 0 0 1 1 
New Mexico. . 27 143 0 0 12 87 29 5 0 0 0 0 0 1 40 189 
Eastern. .... 10 93 0 0 10 86 4 a 0 0 0 0 0 1 28 = 125 
San Juan... 17 50 6(—0 0 2 1 25 1 0 0 Oo 0 0 0 12 6 
Oklahoma..... 58 565 4 1 48 387 19 126 0 0 1 8 3 37 64 il 
South Dakota 1 2 Oo 0 4 2 0 2 0O Se 0 0 0 1 0 
. eee 548 1525 81 8 275 836 50 =:163 4 0 3 13 3 36 6431 «903 
eae 31 71 1 0 19 15 10 8 0 0 0 1 1 0 19 7 
Gulf Coast... 39 96 1 2 26 67 5 27 0 0 0 1 0 1 32 «100 
North Texas. 164 456 27 0 37-1178 0 21 0 0 0 0 0 1 74 = 101 
Panhandle. . 9 97 3 2 12 67 12 3 0 0 1 1 0 1 23 = 30 
South Texas. 120 267 5 4 64 135 16 39 0 0 Oo 3 0 7 63 8B 
Border Co... 31 65 6 0 23 60 0 5 0 0 1 0 0 2 31 61 
West Central. 80 155 20 0 56 72 1 43 0 0 0 0 1 2 42 36 
West Texas.. 74 318 18 0 38 242 6 17 4 0 1 7 1 22 147 419 
ey 6 0 0 8 0 0 2 Oo |) 0 0 0 18 3 
Wyoming...... 19 58 4 0 7 36 0 8 0 0 Oo 0 1 1 37.—s 71 
Totals: Jan.... 766 2,636 108 31 673 1618 197 479 4 2 14 14 26 85 878 2316 
Feb,... 798 2,931 93 30 6380 1745 144 648 4 , & 22 34 126 877 2402 
Mar... 1040 3,535 91 41 674 2133 219 623 7 ll 16 26 19 107 863 2534 
April... 957 3,135 111 19 556 1819 159 6525 6 4 8 28 9 102 882 2551 

1955 Total..... 3561 12,237 403 121 2533 7315 719 2175 18 24 «255 90 88 420._—(i... 
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It’s not an easy matter. 


Even with the rapid invention and widespread use of 
products and methods designed to aid in the discovery, 
completion, and stimulation of oil-bearing formations, it’s 
a long step from bottom of the hole to the bank. 


The monetary aspects of drilling today’s typical wildcat 
demand basic formation data for establishing degree of 
productivity, critical gas/oil and oil/water contacts, and 
optimum recovery procedures. And there’s still no better 
way to obtain this information than by direct physical 
examination of the basic product —the formation, itself. 


Core Lab “invented” commercial core analysis. Today, 


nineteen years later, there are 31 Core Lab installation 
throughout North America — each managed by an exper 
enced resident engineer. 


He is familiar with the unique productive tendencies 
the formations in his area. He personally supervises th: 
development of each Core Analysis Report and carefully 
balances final interpretations against the logic of pas 
experience. Immediately available, if desired, are the addi 
tional services of Core Lab’s Research Department 
Special Core Analysis Studies Section. 


As the “sure thing” occurs with less frequency the ne¢« 
for basic formation data takes over. Call Core Lab. 


CORE LABORATORIES, INC. 


oO 4 CORE 7... 


OR ELE A SS, 


* &ai as 


DALLAS, HOUSTON, CORPUS CHRISTI, MIDLAND, ABILENE, SAN ANTONIO, TYLER. TULSA, FORT WORTH, WICHITA FALLS, SHERMAN, OKLAHOMA 
ARDMORE. BARTLESVILLE. PAMPA. ARKANSAS CITY, GREAT BEND, NEW ORLEANS, SHREVEPORT, HATTIESBURG, LAFAYETTE, DENVER. BAKERSFIE 
CASPER, BILLINGS. WORLAND. STERLING, EL DORADO, LUBBOCK, FARMINGTON. LOVINGTON, MONAHANS, SAN ANGELO; CALGARY, EOMONTON. REG 
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Exploration 


CALIFORNIA 

* Union Oil Company has completed 
two new producers in the recently dis- 
covered Bourdieu pool southeast of the 
Guijarral Hills field in Fresno County. 
Bourdieu 75-1 was completed for init- 
ial production of 1255 bbl per day of 
29.9 deg crude oil, from a perforated 
interval 10,730 to 10,850 ft. Sanger 
44-1 was completed flowing 899 bbl 
daily of 29.9 deg crude. Union has 
1600 acres under lease in the area and 
two more wells are currently drilling 
in the vicinity. 

* Atlantic Oil Company and MJ M 
& M are preparing to drill Jeppi No. 5 
on Sec. 17, 30-29, a southerly exten- 
sion test of the Jeppi Camp pool in the 
Edison field of Kern County. The well 
is expected to go to around 6000 ft to 
test the Jewett-Pyramid Hill sands. 


LOUISIANA 
* Offshore marine wildcat of Conti- 
nental Oil Company has been com- 
pleted in the West Delta Area of 
Plaquemines Parish, Block 56. The 
State Lease 2550 No. A-1 was finished 
at a plug-back depth of 4373 ft after an 
original total depth of 12,898 ft. At 
6052 ft 10%4-in. casing had been set. 
Initial potential gaged a flow of 2 bbl 
of 52 deg condensate and 689,000 cu 
ft of gas through a 9/64-in. choke. 
Tubing pressure was 1710 Ib. 








DEPTHOMETER 


The ideal instrument for 
taking depth measure- 
ments with sand lines 
while bailing, swabbing, 
or running a single shot 
survey. Does away with 
“stringing-in.” 









Write for 
descriptive 
bulletin 
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The CAVINS Co. 


Main office and factory: 


2853 Cherry Ave. 
Phone 4-8564 
Branch Offices: 

Ventura + Santa Maria + Bakersfield + Taft 


* John W. Mecom, Freeport Sulphur 
Company and the Placid Oil Company 
have opened up a new producing zone 
and one-mile extension of the Lake 
Washington oil field of Plaquemines 
Parish. The well is the No. 1 Louisiana 
Land and Exploration Company Unit 
A, which tested a flow of 270 bbl of 31 
deg crude from perforations in casing 
between 13,978 and 13,990 ft. Flow 
was gaged through a 10/64-in. choke. 
Location of the well is about 512 miles 
southwest of Port Sulphur. 


NEVADA 


* Shell Oil Company announced a 
new development well will be drilled 
at its Eagle Springs oil production site 
65 miles southeast of Ely. It will be 
drilled close to Shell’s 35-35 develop- 
ment well placed in production recently 
with an initial output of 540 bbl daily. 
Shell has two wells on production at 
the site. 


PERU 

* Douglas Oil Company has success- 
fully completed its first deep test in the 
Lobitos area of Peru. The well came in 
flowing 720 bbl of 39 deg oil through 
a 18/64-in. choke. It was direction- 
ally drilled under the ocean from on- 
shore location and was completed in 
the Basal Salinas zone in an interval 
between 6896-6963 ft. 


CANADA 


% In the South Sturgeon field, Alber- 
ta, Union Oil Company and Hud- 
son’s Bay Oil & Gas Company have 
completed Liberal 7-31 flowing at 
the rate of 3960 bbl daily of 38 deg 
crude from a depth of 8568 ft. In the 
same area, Liberal 5-31 was completed 
for an initial rate of 1900 bbl daily 
from 8431 ft. The two companies now 
have six producing wells on the Lib- 
eral Block where their discovery well 
was completed eight months ago for 
initial production of 4476 bbl per day 
of 38 deg oil. 


NEW MEXICO 


* Sunray Mid-Continent, et al, have 
a new discovery in Lea County. The 
well is the East Bagley Unit No. 1, 
which has had good showings on drill- 
stem test at approximately 10,000 ft. 
The test revealed a well saturated oil 
sand and some 1500 ft of oil was re- 
covered. SDX will drill ahead to test 
the Devonian below 10,500 ft. 


* An Enid, Oklahoma operator, Joe 
N. Champlin, has opened a new field 
with his Featherstone-Federal No. 1, 
in sec. 6-14s-33e of Lea County. Total 
depth of the well is 9951 ft, with cas- 
ing perforated in the Permo-Pennsyl- 
vanian at 9929-49 ft. Two hour flow of 
63.5 bbl of oil with small show of 
water came through at 23 /64-in. chon 






























P O BOX 1291 


Long Beach 6, Calif. 





GEOLOGRAPH 


Yes—on shallow or the deepest wells . . 
lograph lets you see formation changes as you 
drill! There’s no need to drill in the dark when 
you use Geolograph! 


06 
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MECHANICAL WELL LOGGING SERVICE 


* OKLAHOMA CITY 1}. OKL 


Farmington, New Mex. * Liberal, Kan. * Oklahoma City, Okla. * Bakersfield, Cal. 
Abilene, Houston, Odessa, Lubbock and Wichita Falls, Tex. * Shreveport, and 
Baton Rouge, La. * Casper, Wyo. * Glendive, Mont. © Sterling, Colo. 
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Edmonton, Alberta, 
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Revenue NEW OGLIED JET GUN... 






|| 7 in >» BTS 


New WESTERN ROCKET Jet perfo- 
rating principle through use of spring 
device in charge positioning brings you 
more effective application of jet force 
to target. 


























By shortening prima cord length as shown in “A” 
below, charge-to-charge interference has been elimi- 
nated thus allowing use of a larger charge for more 
elective jet perforating. 


ce. 





(B) STANDARD JET GUN STANDARD JET GUN 





Western’s new engineering principle of charge positioning* in 
tubular jet guns brings you three major perforating advantages: 


1. WESTERN ROCKET Jet Gun through charge placement 
provides more effective use of jet force. 


2. WESTERN ROCKET Jet Gun through shortening of 
prima cord allows use of larger charge than standard. 


3. WESTERN ROCKET Jet Gun provides superior perfo- 
rating effectiveness with sureness of penetration and safety 
provided only by retrievable guns. 


Taken all together, WESTERN ROCKET Jet advantages add 
up to this—186% larger entry hole . . . 50% greater excavation .. . 
10% deeper penetration. Ask your nearest WESTERN engineer for 
complete data on this significant new advancement in jet perforating 
and learn how you can get finer, more effective perforating . . 
ROCKET JET PERFORATING ... at no extra cost! 


| ANOTHER “FIRST'’ FROM WESTERN RESEARCH 


| THE WESTERN COMPANY 


* Par. PENDING General Offices: MIDLAND, TEXAS 
ACIDIZING + FRACTURING * PERFORATING Jet & Bullet 
GAMMATRON Radioactivity Well Logging 


































% Wherever Texans go, they usually 
manage to take a little bit of Texas 
with them. In this case, Houston con- 
tractor Harold L. Strader is taking a 
122 by 32-ft drilling barge with him to 
Canada. It will be towed from Texas 


% Texaco Exploration Company will 
try a new system of drilling in the Pem- 
bina area of Canada, whereby several 
wells will be directionally drilled from 
one location. Muskeg, mud conditions 
and resultant road bans stymie rig mov- 


* Nearest drilling activity to Double 
O’s proposed wildcat is the Beaverhead 
No. 1 Livestock, about 200 miles to 
the north into Montana, and Phillips 
Petroleum and El Paso Natural Gas 
projects about 150 miles east of Cache, 
The latter mentioned ventures are try- 
ing northern extensions of the Big 
Piney and Tip Top oil and gas pools of 
Colorado. 


*% The road bans are over now, for 
awhile anyway, and Canadian rigs are 
again moving out. There were 52 more 
rigs running May 23 than May 9, ac- 
cording to the Hughes Tool Company 
reports. 


* Most important news of any kind 
to come out of the southern part of 


) 
iy 


4 
to New Orleans, up the Mississippi and —_ ing in the spring months. Official in- Africa recently concerns a good show- be” 
Illinois rivers, through the Chicago formation on the new method has not ing in Petrofina’s well in P ortuguese 5 
Sanitary Canal, Lake Michigan, Lake been given out by Texaco. West Africa. The well, Captain Silva Ss 


Huron, down the St. Clair River and 
into the St. Clair Lake, a distance of 
more than 1200 miles. He has con- 
tracts to drill 10 exploratory wells on a 
100,000-acre lease spread of the St. 
Clair Gas Fields, Ltd., a Toronto con- 
cern, all along the south shore of the 
lake. As you might have guessed, the 
barge has been christened the “Lake 
St. Clair.” 


* Another drilling barge, the “Ver- 
million Bay,” has been constructed for 
the Brewster-Bartel Drilling Company 
of Houston in the record time of just 
31 days. The submersible barge was 
built by Levingston Shipbuilding Com- 
pany, and is already on its first loca- 
tion off the Texas Gulf Coast. 


* Continental Oil Company has re- 
ported that it had a cumulative total of 
475,981 ft of “working hole,” the last 
week in May. This is “cut up” into 76 
drilling wells, incidentally. 


* Souris Valley Oil Company, Ltd., a 
Manitoba company, has resumed op- 
erations on several blocks in south- 
western Manitoba. At present, the 
company with Anglo-Canadian Oil 
Company is drilling the Shannon No. 
| 22. Progress on this well was halted 
following cementing of the surface cas- 
ing on April 2 due to the road ban. 
This well is located in Lsd. 1, 22-2-28 
W 1. Other locations to be drilled by 
this pair include four tests in the vicin- 
ity of the Pierson field. 


* Drilling in the Cache Valley of 
southeastern Idaho is expected to be- 
gin the first of this month by the 
Double O Mining and Timber Group 
who have 3000 acres in the area. There 
is no production anywhere in the vicin- 
ity and as yet there are no pipe line 
facilities. 


Carvalho No. 1, has flowed about 1214 
bbl per hour of 30 deg crude from a 
depth of 8397 to 8528 ft. Location of 
the Belgian company’s well is about 25 
miles south of Luanda, Angola. Site is 
near the coast, where there is a thick 
Cretaceous-Tertiary series laid upon 
a pre-Cambrian basement complex 
that is exposed a few miles inland. 








This Is Drilling? An activity which gained popularity as an unusual sport is now 
proving its worth as a useful tool of industry. L. E. Borgman and B. M. Krieger of Shell 
Oil Company are shown checking their diving gear before going down in 48 ft of water 
off the Texas coast to check the Gulf floor beneath the big mobile drilling platform, 
“Mr. Gus.’’ On their upper bodies the divers are wearing porous rubber jackets as 
protection against the cold. They are holding an air cylinder which provides the under- 
water air supply. In left foreground is a water-tight face mask, and at right are swim 
fins. Shell's oceanographers and engineers have learned skin diving techniques to make 
observations and measurements of currents, soil conditions, corrosion, sand abrasion and 
other factors which affect the location and operation of the ever-increasing fleet of off- 
shore drilling rigs. 


* Souris Valley will drill nine wells 
this summer along the general trend 
running from the Alida and Notting- 
ham producing areas of Southeastern 
Saskatchewan, including the wells in 
the Pierson area in Manitoba, to the 
Westhope pool of Bottineau County, 
North Dakota. Production has already 
been obtained from one well in this 
trend. 
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Gas Rigid quality controls 

che, 

\ assure top field performance 

S of | ? ne 

. 4 with UNAFLO 

or 

are i 

l 

a In every bag of Unaflo Oil-Well Cement you get full 

any measure of uniform, dependable field performance. 
That’s because Unaflo is manufactured under rigid qual- 

‘ind ity controls. Careful testing in the laboratory and during 

Of manufacture maintains consistent high quality. Trained 

ow- aes j 

wre technicians test samples from shipments to assure proper 

ilva well-bottom performance. 

24 a Oilmen know that this consistent quality means more 

a 4 5 ; reliable performance and helps to protect their invest- 

25 a ai mee : ments in the field. In emergencies, they’re sure of vital 

e is - AX i) ON extra time because of Unaflo’s retarded set. And Unafio 

lick a ZX i Wit i} ss, slurries pump easily right from the start ...stay fluid 

a aN a under critical conditions of temperature and pressure. 
Yet after the retardation period, Unaflo slurries form a 





strong, tight, sulphate-resistant seal. The name Unaflo 
is your assurance of high quality and dependable per- 
formance. When you’re drilling deep and cementing 
slurries must go in place without a hitch, be sure to 
specify Unaflo Oil-Well Cement. 
FOR YOUR CONVENIENCE, we have just compiled a new 
series of 6 months’ average test results for Unaflo’s thick- 
ening time and compressive strength. All tests are made 
according to the latest API Recommended Practice for 
Testing Oil-Well Cements. For your copy of this up-to- 
date, authoritative data, write Universal Atlas Cement 
.. Company (United States Steel Corporation Subsidiary), 
” _ 100 Park Avenue, New York 17, N. Y. 





























MINNEAPOLIS « WACO « KANSAS CITY « BIRMINGHAM « CHICAGO + NEW YORK 

ow Export Distributor: United States Steel Export Co., New York 
hell § 
iter e rs 
om, Universal Atlas Cement Company 

as 
ler- 

ey RETARDED 

ake Unaflo Retarded Oil-Well Cement Atlas Portland Cement —Type II CEMENT 
and Resistant to Sulfate Waters Resistant to Sulfate Waters 


PE-U-137 


off- Atlas Portland Cement—Type | Atlas High-Early Cement—Type III 


UNITED STATES STEEL HOUR—Televised alternate weeks—See your newspaper for time and station. 
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Drilling 


*% Although Conoco does not have 
any wells drilling in the states of 
Nevada, Oregon, and Washington, its 
president, L. F. McCollum has ven- 
tured to say that oil will eventually be 
found in these areas. Conoco has 
geologists busy in all three states and 
holds leases on 100,000 acres in 
Nevada alone. 


* Conoco is still drilling in its Florida 
wildcat. The C. C. Carlton, Jr. et al 
No. 1, in the Lake Childs area of 
Highlands County, was last recorded 
coring in sand and shale streaks at a 
depth of 12,550 ft. 














JENSEN’s 


DOUBLE GEAR 
‘REDUCTION... 


. +. gives you SLOW pumping 
speeds with HIGH speed 


prime movers 


The large diameter of the second- 
stage main gear in the JENSEN 
Double Reduction reduces tooth 
pressure to a minimum. Its design 
lends a flexibility of gear ratios 
found only in JENSEN JACKS. 
Matches pumping speed to well 
conditions easily, economically. 


Ask for ALL the facts on 
JENSEN JACKS. 


JENSEN BROS. MFG. CO., INC. 


Coffeyville, Kansas, U.S.A. 
Export Office: 50 Church St., New York City 








Oil company representatives from South Louisiana visited the test well of Otis 
Engineering Corporation, manufacturing affiliate of Otis Pressure Control, Inc., last 
week to observe a functional test of a new type of tubing safety valve. The device com- 
bines the operating features of the Otis surface safety valve and the Otis ‘‘storm choke.” 
Shown above from left to right are C. E. DeWitt, with the Shell in Franklin; George 
Grimmer, Otis, New Iberia; A. Goodrich, Texas Co., New Iberia; Gordon Nunn, Tide- 
water, Lafayette; Bill Hill, division manager for Otis in New Iberia; Keith Ebner, Texas 
Co., New Orleans; A. R. Newman, Shell, Franklin; Carl Ivey, Otis test engineer, Dallas; 
Dick Anderson, Sun, Lafayette; Lowell Wilhoit, vice-president for sales and service, Otis, 
Dallas; Kenneth Robbins, service office manager for Otis, Dallas, and Phil Sizer, Otis de- 
sign engineer, Dallas, who is explaining the equipment. 


* Universal Consolidated Oil Com- es 
pany has completed its fifth and most | 
prolific well on the Twentieth Century 
Fox studio property in the new West 





Los Angeles pool. The well was com- | Annual Index 
pleted at approximately 7200 ft and | 

flowed at the rate of 840 bbl per day of | for 

24 deg oil through a 18/64-in. choke. | 

Other wells completed on the studio | 1954 
property, in the same zone, have indi- | 

cated potential production of 525 bbl The 


per day and 750 bbl per day respec- 
tively. All five completed wells on the 
260 acre lease are shut-in awaiting 
completion of a pipe line to transport 
production to tank storage. 


Petroleum Engineer 


The editorial index of all 
* Standard Oil Company of Cali- 


fornia has spudded two new wells in articles published in The 
the city of Taft, in Kern County. No. 


Petroleum Engineer during 
57, 13 C, near the community hospi- 





tal, is drilling ahead below 8235 ft. The 1954 is now available. 

later start, No. 45, 13 C, located near 

the community plunge, is a shallow test Subscribers wishing to 
for production in the Calitroleum sand : 

which is so prolific in the Midway- || "receive a free copy should 


Sunset field. | write to this magazine, P.O. 


* Intex Oil Company’s No. 13 on Sec. | Box 1589, Dallas, Texas. 
29-21 on their 320 acre Cymric lease | 

has been perforated in a 30-ft interval | 
of the Oceanic sand below 4520 ft. On | Please state company 
a test it surfaced fluid in 41%2 minutes | position and don't forget to 
with a 200-Ib flow pressure. Intex al- | 

ready has 14 producing wells on the 
lease and indications are that this latest 


include your address. 








may be the best of the lot. 
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x The sixty-or-so rigs that have been 
running in a five-mile radius of Sher- 
man, Texas, for the past few months 
have created new jobs, capital and cer- 
tainly a lot of good will for the oil in- 
dustry. So much so that the townspeo- 
ple complimented the oil people with 
a “Cel-Oil-Bration” bringing in Texas 
Railroad Commissioner E. O. Thomp- 
son and Director of Defense Mobiliza- 
tion Dr. Arthur S. Flemming to pat the 
oil men on the back. Grayson County, 
in the heart of the Sandusky field, ex- 
ceeded all other Texas counties in the 
number of wildcat producers last year. 
Only Andrews County exceeds this 
county in active rigs at the present 
time, according to Hughes Tool 
records. 


* Archer Oil Company has announced 
the ownership of a royalty interest in 
a 2000-acre block of leases in the Sespe 
area of Ventura County, which has 
been leased to David Gladstone and 
several associates. Intensive geological 
work has been conducted in the area 
and Gladstone is expected to initiate 
a drilling job in May. 

*% Reserve Oil and Gas Company has 
completed Reserve-Pauley 12-34, a 
one-half mile extension well in the cen- 
tral area of the Tejon-Grapevine field. 
The well was completed in the Jewett 
sand, flowing at the rate of 724 bbl per 
day of 35.6 deg oil from an interval 
7190 to 7267 ft. 


* The combined drilling operations 
of Sunray Mid-Continent Oil Com- 
pany, incident to the merger of Sunray 
and Mid-Continent and the combina- 
tion of the two companies’ exploration 
and production departments, give the 
company a total of 40 drilling opera- 
tions underway. Sunray Mid-Conti- 
nent is operating 31 of the drilling 
projects and the others in which Sun- 
ray Mid-Continent has an interest, are 
being operated by other companies. 


* Trans-Tex Drilling Company, a 
subsidiary of Husky Oil Company, 
Cody, Wyoming, will establish new 
headquarters at Shreveport, Louisiana. 
The firm has had its offices in Long- 
view, Texas. 


* Cron and Gracey Corporation, 
Houston, Texas, drilling firm has been 
purchased by John W. Mecom, also of 
Houston. Mecom is known for his sev- 
eral wells that have exceeded a depth 
of 15,000 ft. Mecom, with Freeport 
Sulphur and Placid Oil, has just 
finaled one that went past the 15,500- 
ft mark. This particular well opened up 
a new producing zone in the Lake 
Washington field of Plaquemines Par- 
ish, Louisiana. This well, the L L & E 
Unit A No. 1, flowed 270 bbl per day 
of 31-deg oil from perforations in cas- 
ing at 13,978-90 ft. 
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Drilling 





Rotary Rigs Operating in Oil Fields of United States and Canada* 

















Apr. 18 Apr. 25 May 2 May 9% 
Pacific Coast 155 157 152 147 
Oklahoma 324 320 357 347 
Kansas 180 191 194 195 
Rocky Mountains 207 202 209 pa A | 
Canada 118 105 85 77 
Ark-La-Tex 170 162 160 164 
West Texas and New Mexico 504 500 517 534 
Gulf Coast 587 581 563 571 
Illinois 132 152 143 173 
North Texas 356 361 361 353 

2733 2731 2741 2782 
*As veperted to the American Association of Ollwell Drilling Contractors by Hughes Tool Compan 
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Get more footage at lower cost with | 


ALLOY-STEEL 


eldless Jars 


.. forged from ONE PIECE 
of Alloy Steel 


4 ae ee) 
iis 
No weips *° a 


Each SPANG WELDLESS JAR is 
forged from a single piece of 
selected alloy steel and is scien- 
tifically heat-treated and tempered 
to obtain proper hardness and 
toughness in the rein sections for 
maximum strength and wear re- 
sistance in the most severe drilling service. 































The joints, heat-treated and precision machined, 
are stronger and more durable, assuring fewer 
fishing jobs. Records over the years 
show up to four times more foot- 
age with SPANG Alloy-Steel 
WELDLESS JARS. 


For further information on weldless jars, 
and for FREE CATALOG of other SPANG 
cable tools, contact your nearest Dealer or 
write direct to: 





Butler, Pennsylvania 


For over 60 years Manufacturers of Spang Weldless Jars and a Complete Line of 
Cable System Drilling and Fishing Tools for Oil and Gas Wells, Water Wells, 
Prospect Drilling and Shot Blast Holes. 
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RUNNING TOUR with MEN in the INDUSTRY 





> Richard L. Porter, formerly district ge- 
ologist of the Houston geological office, 
has been moved to position of district 
landman in the newly created Beaumont 
district of Sinclair Oil & Gas Company. 
Leo M. Wright has been promoted to the 
position of district geologist of the Hous- 
ton geological office. 


> The directors of Sunray Mid-Continent 
Oil Company have elected F. W. (Dick) 
Borden, Los Angeles, California a vice 
president of the company and manager of 
the company’s West Coast district opera- 
tions. Borden joined the company in 1930, 
serving aS a roustabout, pumper, gager, 
and field clerk in various California areas 
until 1933, and by 1948 had risen to the 
post of California production superintend- 
ent, and in May, 1952, was appointed 
manager of the California district, on 
transfer of Sunray’s Vice President R. E. 
(Ed) Foss of the Tulsa general offices as 
manager of production. 


> Everett A. Jenkins was elected executive 
vice president of Three States Natural Gas 
Company at a special meeting of the board 
of directors in Dallas. Jenkins’ elevation 
was announced by J. A. McGuire, presi- 
dent of Three States, following the meet- 
ing. Jenkins joined Three States a year 
ago as vice president for exploration and 
development after 28 years as general 
superintendent of Skelly Oil Company. 
McGuire also announced that James D. 
Cooper had been promoted to superin- 
= of production following Jenkins’ 
shift. 


> Hugh W. Curfman, formerly assistant 
regional geologist for the Sun Oil Com- 
pany, has ben named district geologist for 
Southern Production Company, Inc., at 
its newly-opened district office in Lafay- 
ette, Louisiana. Curfman, a graduate of 
the University of Texas, was with Sun Oil 
Company for more than seven years, four 
of which were spent in Beaumont, Texas, 
and the last three in Lafayette. 


> Buffalo Oil Company has announced 
the appointment of G. R. Carter, as new 
division manager operating out of Mid- 
land, Texas. W. W. Lomerson is new re- 
gional manager of the company’s south- 
ern region with offices in Fort Worth. 


> Robert I. Dickey 
has been elected vice 
president, explora- 
tion, and a director 
of Texas Pacific Coal 
and Oil Company. 
Dickey joined Texas 
Pacific’s exploration 
department in a man- 
agement capacity on 
April 1. Previously, 
he had been vice 
president of Forest 
Oil Corporation, 
Midland, and with Stanolind Oil and Gas 
Company. 





R. |. Dickey 


> Paul L. Lyons has joined the Sinclair 
Oil and Gas Company as chief geophy- 
sicist. Lyons, who is currently president 
of the Society of Exploration Geophy- 
sicists, has been for the last three years 
manager of exploration and production 
for Anchor Petroleum Company. He has 
served with Humble and Carter prior to 
joining Anchor. 
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Officers and Chairmen have been elected for 1955-56, Pacific Coast District, 
Division of Production, American Petroleum Institute. These are: from left to right 
(standing), Irv Dagan of Standard Oil Company of California, vice chairman, Coalinga- 
Kettleman; John Bell of Humble Oil & Refining Company, vice chairman, Advisory 
Committee; H. H. Carrick, Jr., of General Petroleum Corporation, vice chairman, Los 
Angeles Basin; J. J. Oliphant of General Petroleum Corporation, vice chairman, San 
Joaquin Valley; Don Sweet of Richfield Oil Corporation, vice chairman, Coastal Area; 
(seated) Sam Grinsfeider of Union Oil Company, vice chairman, Advisory Committee; 
O. A. Graybeal of Sunray Oil Corporation, chairman, Pacific Coast District; Mrs. Elsie 
Edmiston, secretary; and Charles T. Reichert of National Supply Company, treasurer. 


> C. B. Wentz, Houston, has been pro- 
moted to assistant manager of Continental 
Oil Company’s southern region. Formerly 
manager of the company’s headquarters 
coordinating and planning department, he 
will continue to make his headquarters at 
Houston. 

E. A. Austin, Houston, has been pro- 
moted to manager of production for the 
company’s southern region. Formerly as- 
sistant regional production manager, he 
will succeed Hal F. Nabors, who recently 
was promoted to assistant manager of 
Conoco’s central region at Oklahoma City. 
Austin joined Conoco in 1939 as a rousta- 
bout at Tepetate, Louisiana, and has held 
a variety of producton positions at Tepe- 
tate and Ville Platte, Louisiana, and Rin- 
con, Texas. 


> Frank Goldstone has been named man- 
ager of the newly-created exploration sec- 
tion of Shell Oil Company’s technical 
services division in Houston, Texas. Gold- 
stone, a veteran of 33 years with Shell, has 
been serving as assistant manager of the 
division. Joseph Chalmers will be mana- 
ger of the division’s production section, 
and will continue to handle administra- 
tive functions affecting both the produc- 
tion and exploration sections. 
Appointment of John W. Pittman to 
succeed E. N. Van Duzee as production 
manager of Shell Oil Company’s New 
Orleans exploration and production area 
has been announced. Van Duzee is being 
transferred to the Midland, Texas area to 
be production manager there. Pittman re- 
turns to Louisiana after a year on special 
assignment in the production department 
in the company’s head office in New York. 
Before going to New York he was acting 
production manager in New Orleans. 


> R. M. Churchwell of the Ohio Oil Com- 
pany, Casper, has been elected chairman 
of the Rocky Mountain district of the 
American Petroleum Institute’s Division 
of Production. He succeeds H. B. Gernett 
of the Trigood Oil Company, Casper. 
Six state vice chairmen for the district 
also were elected. They are: George 
Goodin, Petroleum Information, Casper, 
for Wyoming; Roy Fuller, Amerada Pe- 
troleum Corporation, Williston, for North 
Dakota; Ray Wright, Sinclair Oil and Gas 
Company, for Colorado; R. E. McMillen, 
Ohio Oil Company, Sidney, for Nebraska; 
R. W. Gemmer, Carter Oil Company, 
Billings, for Montana; L. S. Fuller, El 
Paso Natural Gas Company, Salt Lake 
City, for Utah. Richard Armstrong of 
the Oil Well Supply Company, Casper, 
was named district secretary-treasurer. 


>» Malcolm G. Baker has been named 
supervisor of the interpretation subsec- 
tion, geophysics section, geological de- 
partment at Caracas by the Creole Petro- 
leum Corporation. The company has also 
announced A. O. Settar as the new joint 
interest coordinator in the production de- 
partment at Caracas. 


>» The degree of Doctor of Philosophy, 
honoris causa, will be conferred this 
month on Dr. Beno Gutenberg, profes- 
sor of geophysics ‘and director of the 
Seismological Laboratory of the Cali- 
fornia Institute of Technology, by 
Uppsala University, Sweden. He is a mem- 
ber of many American and foreign soc- 
ieties, including the National Academy of 
Sciences, and past president of the Inter- 
national Association of Seismology and 
Physics of the Earth’s Interior. 
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New Services ¢« e 


New Tools ° e« e 


New Methods 


Outstanding Results 





New Burrless Cap for 
Ogival Bullet Provides 
Burr-Free Penetration 


The new Burrless Bullet Cap is an ex- 
clusive McCullough feature. Inserted over 
the point of the improved ogival bullet 
at the time the perforator is loaded, it 
provides a completely burr-free hole on 
the inside surface of the perforated cas- 
ing. Depth of penetration is not affected. 
Burr-free holes reduce the need for sub- 
sequent scraping and insure free passage 
of swabs, packers or other close fitting 
tools, 








Unretouched photo above shows three string 
penetration by 1/2” Ogival Bullet with exclusive 
McCullough Burrless Bullet Cap. Note smooth, 
burr-free inner surface of pipe. 


New Bulletin Available 
on M-3 Guns 


This four-page, illustrated bulletin, No. 
203, describes recent improvements in 
M-3 Bullet Perforator design and intro- 
duces the new, deeper penetrating Ogival 
Bullets. It gives specific examples of in- 
creased firing power and deeper penetra- 
tion as experienced in competitive tests. 
Advantages, general characteristics, sizes, 
ete. are also given. 

Request Bulletin No. 203 from McCul- 
lough Tool Company, 5820 South 
Alameda Street, Los Angeles 58, 
California. 








M'Callou : 
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Deeper Penetration Increases 
Production 2700 B/D 


McCullough M-3 Bullet Guns Perforate 411 Feet of 
Pay Zone to Increase Production 245% 


Excellent results obtained by the improved M-3 Bullet Perforator were dramatically 
illustrated by a recent field report from McCullough’s Bakersfield Branch area, 
M-3 Guns firing improved Ogival Bullets perforated 411 feet of oil zone for a 


2700 B/D increase in production. 


This well had previously been perforated by another service company for 1100 
barrels per day. However, the operator believed better production was possible and 


called McCullough to re-perforate. 


McCullough Service Crew made 17 runs with 34” O.D. double 20-shot M-3 Guns 
14 runs with 34” O.D. double 10-shot M-3 Guns and 8 runs with 34” O.D. M-3 Guns 
one shot every two feet—a total of 39 runs in 39% hours rig time. 


ve 


A total of 1,000 improved %” Ogival Bullets were shot in 5” O.D. 15 Ib. cemented 
casing between 10,565’ and 10,976’. Production increased from 1100 to 3800 barrels 





“hardest shooting 
Biko bullet perforators 
in the world” 


McCullough Opens 
Two New Branches 
In Mountain Area 


McCullough Tool Company has just 
opened new service branches at Westhope, 
North Dakota and Grand Junction, 
Colorado. 

Both branches are fully equipped to 
render all McCullough wire line and fish- 
ing tool services to the rapidly expanding 
oil industry of the Rocky Mountain area. 

Experienced crews, dependable equip- 
ment and skilled service are available on 
a twenty four hour basis. 





per day—a 245% gain. 

Results like this can only be obtained 
by deepest penetration—penetration that 
reaches far out into the pay zone; exposes 
more productive formation; gets more 
oil—the kind of penetration you get only 
from McCullough M-3 Bullet Perforators 








McCullough M-3 
Outshoots Premium 
Bullet Guns 


In a very recent series of com- 
petitive tests, set up and supervised 
by a major: oil company, regular 
improved McCullough M-3 Bullet 
Perforators outshot the premium 
priced guns of two other service 
companies. Here are the results: 


Average 
Penetration 
into Special Targets 
MeCONOUER .... 5 cece. 5%” 
eee 4H” 
Company B............ 4%” 











LOS ANGELES 


h TOOL COMPANY 4 HOUSTON 


EDMONTON 


To obtain more information on products advertised see Page E-43 B-1 35 


ten. 








Running Tour 


> Jack Cashell, of the Preston Oil Com- 
pany, Columbus, Ohio, has been elected 
chairman of the Eastern District Division 
of Production of the American Petroleum 
Institute for the coming year. Eight vice 
chairmen were also elected to serve with 
Cashell. They are: James M. Bird, Bird 
Well Surveys, Bradford, Pennsylvania; 
Ralph N. Burns, Chartiers Oil Company, 
Pittsburgh; W. B. Maxwell, United Fuel 
Gas Company, Charleston, West Virginia; 
Richard J. Murdy, New York State Nat- 
ural Gas Company, Pittsburgh; Fred C. 
Newman, Old National Bank, Evansville, 
Indiana; S. B. Plummer, Hughes Tool 
Company, Mt. Pleasant, Michigan; Doug- 
las Rogers, Jr., South Penn Oil Company, 
Bradford, Pennsylvania; and N. E. Trum- 
bull, Ohio Fuel Gas Company, Terre 
Haute, Indiana. Lysle R. Kirk, Ohio Oil 
Company, Columbus, Ohio, was elected 
district secretary-treasurer. The new chair- 
man of the district advisory committee is 
Paul G. Benedum, president of the Hia- 
watha Oil Company, Pittsburgh. Bene- 
dum served as district chairman during 
the past year. 





> R. R. Von Hagen, Lloyd Corporation 
president, was elected president of the 
Oil Producers Agency of California at the 
annual meeting. Von Hagen, who suc- 
ceeds R. A. Grant, has been a director of 
the independent oil group for several 
years, and was a vice president prior to 
his election as president. 


> L. R. Seaman, executive vice president 
of Intex Oil Company was elected presi- 
dent of the San Joaquin Oil Producers 
Association at the organization’s annual 
meeting in Bakersfield. Seaman succeeds 
E. E. Pyles, vice president of Monterey 
Oil Company, who has served in that 
capacity since 1948. H. F. Owen, Berry 
Oil Company and Berry Holding Com- 
pany, general manager was re-elected first 
vice president. E. C. Reid, Gene Reid 
Drilling Company, Inc., president, was 
elected second vice president and Charles 
Premo was again named secretary-treas- 
urer. The entire directorial board was 
re-elected. 


> Promotion of A. 
M. Shook to division 
petroleum engineer 
of South Texas divi- 
sion, The Texas 
Company’s produc- 
ing department, has 
been announced. He 
succeeds W. F. Her- 
bert, who was trans- 
: ferred to foreign op- 
ei — — is a 
A. M. Sho graduate of Texas 
~~ A&M College and 
joined The Texas Company as a rousta- 
bout at Pierce in 1937. He has served as 
acting division petroleum engineer, Hous- 
ton, since last November. 





> Wilton E. Scott has been appointed 
manager of exploration in the production 
division of Tennessee Gas Transmission 
Company. He has worked for Jersey 
Standard and Cities Service and in 1954 
he was elected a vice president of Buffalo 
Oil Company and placed in charge of all 
exploration in the firm’s Midland area. 
He also was elected a vice president of 
Maljamar Oil and Gas Corporation, a 
Buffalo Oil associate. He recently re- 
signed from Buffalo Oil Company to join 
Tennessee Gas, and has moved from Mid- 
land to Houston to assume his new duties. 
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Clyde Johnson 


George Stetson 


> Delta Gulf Drilling Company, Dallas, 
Texas, has named George Stetson as chief 
engineer with headquarters in Houston. 
Stetson has been associated with the Off- 
shore Company at Baton Rouge, Louis- 
iana. 

Delta also has announced the appoint- 
ment of Clyde Johnson as vice president 
and manager of its two Venezuelan sub- 
sidiaries, Perforaciones Delta C. A. and 
Perforaciones Guarico A. A. He has had 
extensive experience in Latin American 
countries, particularly Venezuela, having 
been with Loffland Brothers Company of 
Venezuela prior to his affiliation with 
Delta. 


> John L. Walker, gang pusher in Mag- 
nolia Petroleum Company’s Luling dis- 
trict, has been promoted to assistant fore- 
man and moved to the company’s Alice 
district. Willie L. Jenes, assistant fore- 
man in the Alice district, has been trans- 
ferred to the Luling district. James A. 
Reedy, gang pusher in the Luling district. 
has been promoted to assistant foreman. 
Robert K. James, senior petroleum engi- 
neer at Houston, and H. G. Walker, pe- 
troleum engineer at Alice, are being trans- 
ferred to Socony Mobil Oil Company, 
Inc., to be assigned duties with the Iran 
Consortium. 

Rebert E. Ritchie, petroleum engineer 
in Magnolia’s Rodessa producing district, 
has been moved to the company’s Brown- 
field district in West Texas. Doyle G. 
Marrs, petroleum engineer at Drumright, 
has been transferred to the Vanderbilt pro- 
ducing district replacing James H. Berry, 
Jr., who has been transferred to Drum- 
right. LeRoy Radford. petroleum en ineer 
at Drumwright, Oklahoma, has been trans- 
ferred to the West Texas division offices 
at Midland, Texas. Marshall C. Gulledge, 
Jr., petroleum engineer in the Brownfield 
office has also been transferred to the 
West Texas division offices at Midland. 
Luther W. Randerson, senior petroleum 
engineer at Midland, has been moved to 
the Gulf Coast division office at Houston. 

Norvan E. Beurland, petroleum enci- 
ner at Alice, has been promoted to district 
petroleum engineer at Wewoka, Okla- 
homa. Glen W. Barb, district petroleum 
engineer at Wewoka, has been moved to 
the Vanderbilt district in the same capac- 
ity. Byron O. Sims, Jr., petroleum engi- 
neer in the Brownfield district, has been 
promoted to district petroleum encvineer 
of the Natchez producing district. John 
D. Howard, district petroleum engineer at 
Vanderbilt, has been transferred to the 
Falfurrias district in the same capacity. 
He replaces J. L. White, Jr., who has been 
transferred to the producing department 
as foreman at Falfurrias. Charles F. Un- 
derriner, district petroleum engineer at 
Natchez, has been moved to the Electra 
district in the same capacitv. A. H. Mas- 
sad, assistant division petroleum en~ineer 
at Houston, has been promoted to division 
petroleum engineer and assigned to the 
Louisiana-Gulf division with headquar- 
ters at Morgan City, Louisiana. 













» A southeastern division of Drilling ang 
Exploration Company, with headquarters 
at Monroe, Louisiana, has been formed 
and will be managed by H. D. Pyke, for. 
merly manager of the West Texas-New 
Mexico division at Midland, Texas. 
Replacing Pyke as manager of the 
southwestern division at Midland, is his 
previous assistant, Horace P. Goodrich, 
Other personnel changes are the addition 
of David A. Carnahan, formerly with 
Emsco, as chief engineer at Los Angeles 
O. G. Barton transferred from Californig 
to Monroe, Louisiana as drilling superin. 
tendent, and H. J. Stewart from Los An. 
geles to The Hague, Holland, as assistant 
to M. R. Garrison, manager of Drilvo, 
Drilexco’s European Dutch subsidiary, 


> Philip L. Me. 
Laughlin, former 
drilling editor of 
World Oil, has been 
appointed to head 
the product and drill. 
ing research depart- 
ment of Cardwell 
Manufacturing Com. 
pany, Inc. In his new 
capacity he will also 
direct advertising 
and sales promotion. 
A graduate petro- 
leum engineer of the University of Texas, 
McLaughlin has served with the Ohio Oil 
Company and Continental Oil Company 
in several capacities. At present, he is co- 
chairman of the Southwestern district 
API study committee on surface mud sys- 
tems, and has been appointed to several 
posts on AIME, API, and AAODC con- 
mittees to study air drilling and slim hole 
drilling techniques. 


P. L. McLaughlin 


>» Organizational changes in eight produc- 
tion department positions in The Carter 
Oil Company have been announced. R. E. 
Hammond, production staff assistant of 
Carter’s eastern division, Mattoon, Illi- 
nois, has been named division production 
manager. Irvin Alexander, Carmi, Illinois, 
will replace Hammond as production staff 
assistant. Alexander, a veteran of 34 years 
with Carter, began work for the company 
as a roustabout. He has been district 
superintendent at Carmi since June, 1949. 

Other appointments include: H. W. Me 
Cormick, district superintendent of the 
Vernal district, Vernal, Utah, to district 
superintendent of the Carmi district; B. 
M. Bradley, assistant superintendent of 
the St. Elmo district, St. Elmo, Illinois, to 
sup*rintendent of the Vernal district; J. L. 
Wible, district engineer of the Jackson 
district, Jackson, Mississippi, to assistant 
district superintendent of the St. Elmo 
district; R. M. Pitcher, senior engineer 
at Magnolia, Arkansas, to district ent 
neer at Jackson; J. L. Barthel, acting dis- 
trict foreman at Purcell, Oklahoma, to 
assistant district superintendent of the 
Purcell district, and R. D. Orr, acting 
district engineer at Purcell. to district 
engineer. 


> Election of Beverley Matthews, C.B.E.. 
Q.C., to its board of directors has been 
announced by The British American Oil 
Company Limited. Matthews is a partner 
in the legal firm of McCarthy and Mc 
Carthy, a director of The Toronto-Domin- 
ion Bank, Brazilian Traction, Light and 
Power Company Limited and other com- 
panies. He is a member of the board of 
governors of the Universitv of Toronto 
and a past president of the Toronto Board 
of Trade. 
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DIGEST of NEWS and COMMENT 
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In and Out of Rubber Business? Will 
Pure Oil and Atlantic sell out of 
Neches Butane Products Company, 
biggest makers of butadiene for syn- 
thetic rubber? Located at Port Neches, 
Texas, on the Gulf Coast, this double 
ynit is rated at 100,000 tons of buta- 
diene per annum, equivalent to 135,000 
tons of GR-S rubber. A short time ago 
Neches Butane took over the plant 
that had been owned by the govern- 
meni. Possible reason for these two 
companies checking out is that Gulf 
Oil and The Texas Company, other 
Neches part Owners, have taken over 
the other two government-owned plants 
in the southeast Texas rubber district, 
giving them a preponderance in the 
area. 


x * * 


Oil Company “Real Gone” on Uran- 
ium. A century from now and in the 
interim our national energy demands 
may exceed our sources and supplies, 
say The Texas Company and the Cana- 
dian N. J. Zinc Exploration Company 
so the team plans to search diligently in 
Canada and some places in the U. S. 
for a supply of uranium. 


x &k * 


Low-Pressure Polyethylene for U. S. 
Koppers Company, with myriad arms 
extending into the chemical industry, 
will make polyethylene by the new low- 
pressure Ziegler process developed at 
the research center of Max Planck in 
Germany, ’tis said. This polymer is 
especially high in molecular weight. 
Small commercial amounts are ex- 
pected to be available in a few weeks. 
The product is unusual and is expected 
to forge into the utilization fields now 
enjoyed largely by polystyrene. Also, 
those acquainted with the product be- 
lieve it will be used widely in applica- 
tions into which plastics have not yet 
penetrated. 


x k * 


_ High Temperature Lubricants. New 
“diesters of fluoroalcohols” organic 
compounds containing combined fluo- 
fine are announced as the latest devel- 
opment for lubricating jet engines and 
similar equipment. These oils are not 
decomposed at 500 F, temperatures 
that break up petroleum-based oils in 
4 short time. Heavier than sea water, 
they can be used in submarines, as they 
will not float to the surface when es- 
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caping from the sub, thus revealing its 
location by an oil slick, it is claimed. 
The discussion was prepared by C. M. 
Henderson, C. M. Murphy, and Har- 
old Ravner of the Naval Research 
Laboratory. 

x *k * 


Oil From Coal? In Colorado. Basing 
plans on the researches of Dr. F. E. 
Poindexter and Frank Lowe, St. Louis, 
Missouri, men Cotarco, Inc. has been 
organized, with Denver, Colorado, 
headquarters. The firm plans a $11,- 
500,000 plant in Colorado, in which 
they expect to recover oils and tars 
from local deposits. Unit is said to be 
planned to process 8520 tons of coal 
per day. It is based on pilot plant re- 
sults obtained over a period of years, 
and will not resort to coke oven 
methods, it is claimed. 


x &k * 


Big and Little Polyethylene. Super 
Dylan is the new Koppers polyethylene, 
one of two unusual ethylene polymer 
products. The other is a new low mole- 
cular weight synthetic wax, supposed to 
be a suitable substitute for higher- 
priced special commercial waxes. Super 
Dylan is a smooth, glossy material like 
polystyrene, not dull and waxlike; 
highly resistant to heat, can be steri- 
lized at 250 F without damage, thus is 
good for nursing bottles, etc. It is also 
highly resistant to chemicals, even hy- 
drofluoric acid that “eats up” glass like 
a black boy eats watermelon. It has a 
high resistance to impact, said to hold 
this property at temperatures as low as 
minus 172.4 F. 

Eastman Chemicals is making the 
polyethylene wax, Epolene, expected 
to be used in improving hydrocarbon 
paraffin waxes, for packaging materials 
and by polish makers, wax com- 
pounders. 





CORRECTION 


On page C-55 of the April, 1955 
Refining and Petrochemical Edition, 
an article, ‘‘Look to the Infrared 
Endpoint,’’ written by L. A. Beaudry, 
was published. The author was 
credited as being a member of the 
staff of Standard Oil Company 
(Ohio), which was in error. The 
article dealt with a Standard of 
Ohio plant but the author is a mem- 
ber of the Market Extension Division 
of Minneapolis-Honeywell Regula- 
tor Company. 











Polyethylene Process to be Licensed. 
The low-pressure process for making 
polyethylene as developed by Phillips 
Petroleum Company will be licensed, 
say Officials of that company. Phillips 
Chemical is building a great poly plant 
near Houston, Texas and will construct 
a 150,000,000-Ib ethylene unit within 
50 miles of the polymer unit. This gives 
another high molecular weight poly- 
ethylene source, along with the Ziegler 
process and product, mentioned else- 
where. 


— @ * 


Catalytic Muffler to Get More Study. 
The Houdry catalytic muffler is not yet 
successful in meeting all problems of 
stopping hydrocarbons ejected with 
automobile exhausts, Southwest Re- 
search Institute has found. Starting a 
test series projected for 20,000 miles, 
the runs were stopped at 10,000 miles 
because the mufflers were wearing out 
too fast. More work is being pushed 
and the Houdry forces believe the diffi- 
culties can be cleared in short order. 
Air Pollution Foundation of Los An- 
geles, California, fighting smog, is spon- 
sor of the tests. 


- oO 


Search Machines for Patent Office. 
Heartening news for the patent search- 
er, lawyer, and inventors in general 
comes with the information that ma- 
chines are being tried out in the VU. S. 
Patent Office to investigate the volumi- 
nous files of patents; the V. Bush Com- 
mittee recommended that the idea be 
tried first in chemical patents. U. S. 
Bureau of Standards is working on, 
or planning to -work out, a machine 
searching procedure for the Patent 
Office. Congress will be asked for funds 
to carry on the work that should result 
in much less delay in determining the 
patentability of an idea. 


x * *& 


M-Xylene for 35 cents per Ib. Meta- 
xylene, important aromatic by-product 
of modern refining, can be bought 
soon from Oronite Chemical at a 
price of 30 to 35 cents per Ib, it is 
said. It formerly cost the perspiring 
chemical manufacturer 75 cents. It will 
come, in “several million Ib” from the 
preparation unit serving Standard of 
California’s isophthalic acid plant, 
which goes on stream next October. 
Xylene can be bought in September. 
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Final report on a new reformate process is presented to customer by Ethyl Fuel Technologist Alon Cole. This and 
other Ethyl Research reports are available to you through the Ethyl Refinery Technologist in your area. 


Reformates are blended with various runs of Road testing is performed with various gasoline stocks in Ethyl’ 
gasoline and tested by Ethyl technicians. highly instrumented controlled-weather rooms. 
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New catalytic reformates 
road-tested by Ethyl Research 


In choosing one of the important new reform 
ing processes, or in planning the over-all re- 
finery operations once the plant is on stream, 
it is vital to know how the reformate will 
behave in the gasoline to be marketed. 


That’s where we can help you. Ethyl’s Re- 
finery Technology group in Detroit, working 
closely with the developers of these new proc- 
esses, has prepared several reports on road 
antiknock behavior of reformates. And more 
reports are in process. 


Each of these Ethyl reports is based on 
evaluation of reformate samples from com- 
mercial units or from the developer’s pilot 
plant. We blend the new reformates with typi- 
cal refinery base stocks—straight-run, catalyt- 
ically cracked, and thermally cracked naph- 
thas—to produce typical gasolines. ““Ethy!”’ 
antiknock compound is then added, and the 
gasolines are road-tested on chassis dyna- 
mometers in our controlled-weather rooms. 


Finally, all the information is collected 
evaluated and submitted for approval to the 
developer of the process. 


: : Reporting to the industry on the behavior 
ithyl’s ‘ po et ree : ~ of catalytic reformates is another example of 
7“ AL Eh _®& how Ethyl is helping serve your needs. 


If you have a problem in octane improve- 
ment, get in touch with your local Ethyl Re- 
finery Technologist. He’ll be glad to work 
with you. 


ETHYL CORPORATION 


Research Laboratories [= 


1600 West Eight Mile Road, Ferndale 20, Michigan \A =e [5/ 
2600 Cajon Road, San Bernardino, California 


Samples for analysis at Ethyl Research Laboratories are taken 
directly from the pilot plant of the reformate process developer. 
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News and Comment 





Smog-Killing Additive? Science and 
the industrial chemists of the nation 
are starting the war On smog on an- 
other front, the American Chemical 
Society was told recently. DuPont 
Company’s Dr. F. S. Arimoto, research 
chemist, and collaborators told the 
assembled chemists that a new com- 
pound, called DCPI, in very small 
amounts added to heating oil jet fuels 
causes the fuels to burn more cleanly, 
making less smoke. Additive appears 
to contain iron in some form, and 
leaves iron oxide in engine cylinders, 
thus it cannot be used to best advantage 
in motor fuel until some way is found 
to eliminate the oxide deposit. This 
material also shows good effect on anti- 
knock tendencies, 


* * * 


Vapor Pressure Control. A new Reid 
vapor pressure recorder, it is claimed, 
enables the operator to monitor the 
blending of motor gasolines to better 
results, by enabling the maker to use 
the most economical percentage of 
butane in the fuel, so says Precision 
Scientific about the new recorder. The 
device is a Standard Oil of Indiana de- 
velopment and that company has licen- 
sed P. S. to manufacture and sell it. The 
unit is said to make in-line blending 
feasible for small refineries; reduce the 
number of reblends and makes for TEL 


savings; records vapor pressure to 0.1! 
lb, stabilizes within 8 minutes any high 
or low vapor pressure material deliv- 
ered to it. 


x k * 


Catalyst Plant for Europe. A new 
cracking catalyst plant is scheduled for 
Germany by a contract made by Hou- 
dry Process Corporation with Chem- 
ische Werke Huel, A. G. West Ger- 
many, by which the later company will 
manufacture the catalyst for European 
needs. 


x *k * 


Atomic Power at 6-9 cents per 
Kwhr? Foster Wheeler Corporation 
says it is ready to design and build a 
low-cost atomic energy power plant, to 
be completed in the next five years or 
so, in which electric power costs will 
be as low as the figure range mentioned 
above. Plant will cost $21 million, pro- 
duce 100,000 kw; reactor will use a 
uranyl sulfate “heavy” water solution, 
going through heat exchangers where 
fission of U-235 will produce steam at 
600 psi. Thorium-232 will refuel re- 
actor with Uranium-233, with more 
heat and steam as by-product. 

And a very few years back, we were 
taught that the atom is the smallest 
existent particle of matter! 


High-Low Polyethylene. Hard and 
rough is the road of the synthetic chem- 
ical industry! Soon after developing a 
fairly satisfactory high-pressure, high- 
temperature polyethylene synthesis 
process, along comes one Ziegler and 
upsets the applecart by bringing out the 
low-pressure, low-temperature process 
that bears his name. He made a harder, 
more rigid polyethylene, raising its soft 
point from 210-220 F to about 240 F. 
Phillips Chemical Company is proceed- 
ing with market research for such a 
product from its own low temperaure- 
pressure process; DuPont is making 
this harder material commercially un- 
der the new process principle, so is 
Carbide and Carbon Chemicals. Mon- 
santo is pushing development work on 
the same type process and reportedly 
several other companies are doing the 
same thing. Verily, the polyethylene 
processes of today and yesterday will 
not recognize their own grandchildren. 


x * * 


Fluid Coke for Kiln Fuel. Prelimi- 
nary tests with fluid petroleum coke in 
cement kiln firing show “encouraging 
results in California. Permanents 
Cement Company’s plant replaced nat- 
ural gas fuel with coke, “as received”; 
will grind to more uniform-sized par- 
ticles for further tests. 





Repesa Cartagena refinery distillation and reforming units, Spain 
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For Modern Refining 





Evaluation of Oklahoma and Kansas Crude Oils 


Properties of various Mid-Continent crudes vary considerably, and their 
properties and possibilities favor different refined products manufacture 


J. G. HUDDLESTON and R. E. LINDSAY 


CRUDE oils produced in Oklahoma 
and Kansas are important to a number 
of refineries in the United States. Ef- 
forts to best utilize the new refining 
processes such as Catalytic cracking 
and catalytic reforming emphasize the 
importance of feedstock quality. New 
and increased demands for straight 
run fractions from crude oil for prod- 
ucts such as jet fuel and diesel fuel also 
place a premium on quality. The yield 
and character of the crude oil frac- 
tions vary widely with different crudes. 
A comprehensive crude oil evaluation 
based on a detailed analysis is neces- 
sary to best determine the value of 
these crude oils to the refinery. 

Some of the feed preparation units 
in operation are able to produce large 
volumes of catalytic cracker feedstock 
from the portion of the crude repre- 
sented by the residuum from a Hem- 
pel distillation. High vacuum reduc- 
tion of the distillation residuum 
provides a means of estimating the 
quantity of such feedstock potentially 
available. It also provides a measure 
of the quality and quantity of reduced 
residual that a modernized refinery can 
produce from the crude. 

The method used to evaluate the 
Oklahoma and Kansas crude oils em- 
ploys fractionation and vacuum distilla- 
tion to separate the crude oil into 
fractions similar to those produced in 
the refineries. Correlations obtained 
from basic data are used to estimate 
the behavior of the crude oil and its 
fractions when subjected to refining 
processes. 

The Bureau of Mines Hempel analy- 
sis? is used to give the first characteri- 
zation of the crude oils studied. It also 
provides a comparative link that per- 
mits the crude oil evaluator to extend 
the results of the more detailed analy- 
sis to many crude oils on which only 
the Hempel analysis is available. 


Data and Results 
The physical characteristics of the 
Oklahoma and Kansas crude oils tested 
vary over a wide range. The API gravi- 


TABLE 1. Inspection data 


on Oklahoma crude oils. 





West Elk 
Crude oil source 











Golden 
| Trend ** New West 
Burbank Edmond City composite :Castle Seminole Cement Floris 


Southeast 
Mt. Red 
Vernon Spring 
Potta 
Lincoln watomie 


McClain Seminole Caddo Beaver 





County... 2... Osage Oklahoma Beckham Garvin 
Gravity, API at 60 F. 38.4 42.5 50.1 41.9 
Reid vapor pressure... 4.7 5.8 9.75 3.8 
Vis., SUV at 70 F.... 51.11 43.80 <32 41.56 
Vis., SUV at 100 F... 41.47 35.49 <32 36.96 
Pour point, F........+25 —20 <—70 _ 


‘ 5 
Total sulfur, wt.%... 0.25 0.12 0.04 0.23 


40.6 40.6 37.5 39.4 40.1 37.3 
5.0 4.45 3.0 6.6 5.8 10.2 
45.08 41.56 52.99 59.18 41.53 48.51 
38.44 36.29 43.16 44.32 36.99 41.63 
+15 —30 +25 +20 0 +20 
0.21 0.34 0.18 0.15 0.30 0.48 








TABLE 2. Inspection data on Kansas crude oils. 





Bemis- West 








Davis Shutts Seeley Kansas Feltis, Liberal 
Crude oil source Ranch composite Wick composite Norton Cephas Jelinek N.W. Light Volkland 
Wabaun- Green- Ellis and 

ee see Ellis wood Russell Norton Stafford Rooks Barton Seward Ri 
Gravity, API at 60 F. 28.1 33.5 41.6 36.4 30.5 38.4 24.2 42.4 41.7 48.4 
Reid vapor pressure... 0.85 3.8 10.0 2.9 3.7 4.95 6.85 
Vis., SUV at 70 F.... 225.4 72.53 38.95 53.50 218.1 45.76 635.3 75.45 
Vis., SUV at 100 F... 123.7 53.02 35.46 44.35 113.7 38.89 303.2 36.3 45.18 32.3 
Pour point, F. : 20 0 —5 20 +25 +35 <—40 —45 +70 50 
Total sulfur, wt., %... 0.46 0.57 0.20 0.48 0.74 0.28 0.85 0.27 0.18 0.22 


ties range from 24.2 deg on the Jelinek 
crude to 50.1 deg on the Elk City. Elk 
City crude has a low sulfur content of 
0.04 per cent and a pour test of —70 F. 
The Liberal light crude oil is very waxy 
with a pour test of +-70 F. None of the 
crude oils studied could be called high 
sulfur crude in the sense that this classi- 
fication is commonly applied to West 
Texas and Rocky Mountain crude oils. 
Crude oil inspection data are shown in 
Tables 1 and 2. 

A summary of the Hempel distilla- 
tion data is shown in Tables 3 and 4. 
Tests on fractions produced by pilot 
plant distillations are shown in Tables 
5 through 12. 

Majority of the octane numbers of 
the 400 F end point unleaded gasolines 
fall between 40 and 50. One exception 
is the gasoline from Davis Ranch crude 
oil, which shows an unleaded octane 
number of 4.2. This confirms the 
straight chain paraffinic nature of this 
gasoline and also shows the effect of 
the absence of the higher octane light 
fractions. The Jelinek, Floris, and Elk 
City crude oils yield comparatively 
high octane gasolines that approach 60 
octane number unleaded. The effect 
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that the undercutting of end points has 
on the octane numbers is shown by the 
inclusion of 330 F end point gasoline 
data. 

Data on the 330-400 F boiling range 
naphthas serve several purposes. As 
this fraction is frequently charged to 
reforming operations it is desirable to 
know the octane number and hydro- 
carbon type composition. The naph- 
thene contents varied from 24.6 per 
cent in Davis ‘Ranch naphtha to 70.8 
per cent in naphtha from the Bemis- 
Shutts crude oil. Examination of these 
naphthas for arsenic or other trace con 
stituents that might poison catalysts 
would be necessary to completely eval- 
uate this fraction for catalytic reform- 
ing. The naphtha fraction from most 
of these crudes could be used in blend- 
ing some grades of jet fuel. The naph- 
tha from Davis Ranch crude oil has an 
exceptionally high freezing point and 
probably could not be used in jet fuel 

All of the crude oils tested should 
produce good quality kerosene, straight 
run burning oils and diesel fuel. One 
possible exception might be the Jelinek 
crude which has a low gravity kero- 
sene boiling range fraction. High pou! 
points on the diesel fuel from the Floris 
and Davis Ranch crudes would prob- 
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Crude Oil Studies 











TABLE 3. Hempel distilla 


West 
Crude oil source Burbank Edmond 





Elk City 





Gasoline and naphtha (IBP-392 F) 


Yield, volume per cent... 29.9 36.8 
Gravity, API at 60 F 58.9 62.4 
Sulfur, weight per cent : 0.014 0.009 
Research octane No.* 
clear SER AP AP sae aaate’ 42.0 47.4 
+ 3 ml. TEL per gal 70.5 71.8 


Kerosene (392-527 F) 


Yield, volume per cent ; 17.5 16.0 
Gravity, API at 60 F. a 41.7 42.4 
Sulfur, weight per cent........... , 0.04 0.015 
Gas oil (527 F to 50 SUV at 100 F) 
Yield, volume per cent 10.8 10.1 
Gravity, API at 60 F aca 34.6 35.4 
Sulfur, weight per cent aa be 0.24 0.11 
Lube oils (50 SUV at 100 F to 800 F) 
Yield, volume per cent ; 12.0 14.8 
Gravity, API at 60 F ; . 33.1-28.5 34.1-28.8 
Sulfur, weight per cent je see 0.32 0.20 
Still residue (800 F and heavier 
Yield, volume per cent............ a 28.6 21.4 
Gravity, API at 60 F 27.3 25.7 
Sulfur, weight per cent ee - 0.60 0.26 
Conradson carbon res., weight per cent... 2.18 2.16 


* Octane numbers determined on IBP—400 F gasoline obtained by separate distillation. 


TABLE 4. Hempel distillation summary, Kansas crude 


Davis Bemis-Shutts 


oo 
oBk 


On, of 
S 
3S 


“Io 
Naa 


~— 
om 
— 7 


ou 


tion 


Golden Trend 
composite 


40.3 
62.1 
0 


47.4 
70.0 


013 


Newcastle 


summary, Oklahoma crude oils. 


Seminole 


Seeley West Kansas 
Crude oi! source Ranch composite Wick composite Norton Cephas 
Gasoline and naphtha (IBP—392 F 
Yield, volume per cent ba 15.0 25.8 35.8 30.9 25.3 30.4 
Gravity, API at 60 F 63.1 61.1 63.4 60.7 61.8 59.5 
Sulfur, weight per cent 0.041 0.025 010 0.028 0.029 
Research octane No.* 
Clear 4.2 49.8 0 40.2 45.6 46 
+ 3 ml TEL per gallon... 33.5 73.2 0 66.0 69.6 72 
Kerosene (392—527 F 
Yield, volume per cent 14.9 16.1 0 17.7 13.2 17 
Gravity, API at 60 F as 46.2 40.7 3 41.3 40.6 41 
Sulfur, weight per cent 0.07 0.10 .03 0.09 0.07 
Gas oil 527 F to 50 SUV at 100 F) 
Yield, volume per cent ; 13.0 9.2 6 9.5 8.3 10 
Gravity, API at 60 F ; 37.1 33.5 8 34.3 33.6 34.5 
Sulfur, weight per cent 0.21 0.20 13 0.28 0.37 
Lube oils 50 SUV at 100 F to 800 F) 
Yield, volume per cent 9.9 14.8 2 15.1 15.7 16 
Gravity, API at 60 F. , 33. 8-26.5 32. 1-25.6 -28.0 32. 6-2! 32. 6-27 .8 33.5 
Sulfur, weight per cent : 0.37 0.55 .33 52 0.58 
Still residue (800 F and heavier 
Yield, volume per cent 46.2 33.5 21.7 26.1 37.5 34.8 
Gravity, API at 60 F 14.1 15.5 24.2 15.1 12.9 21.3 
Sulfur, weight per cent 0.71 1.03 0.49 1.07 1.39 0.57 
Conradson carbon res., weight per cent 17.45 12.75 5.62 11.63 17.90 6.05 





* Octane numbers determined on IBP-400 F gasoline obtained by separate distillation. 


Crude oil source 


Fraction ; 
Boiling range, F 


TABLE 5. Inspection data on gasoline and naphtha fractions from Oklahoma 


Burbank West Edmond Elk City 


Gasoline Gasoline Naphtha Gasoline Gasoline Naphtha Gasoline 


IBP-330 IBP-400 330-400 IBP-330 IBP-400 330-400 IBP-330 


Yield, volume per cent of crude 23.4 30.8 7.4 31.8 39.5 KX. 48.9 
Gravity, API at 60 F 64.4 59.8 48.4 65.3 62.0 48.6 66.6 
Reid vapor pressure 9.1 6.4 9.4 6.3 8.8 
ASTM distillation, F 

Per cent first drop 100 103 329 109 112 327 102 

131 137 339 126 137 337 121 

10 152 170 345 146 157 341 136 

30 202 227 353 195 211 348 175 

50.. 235 264 360 225 250 355 207 

70 265 304 368 253 290 363 235 

90 297 347 382 287 343 376 272 

95 312 363 390 302 363 384 290 
End point 338 383 421 339 387 401 322 
Flash point, TCC, F 110 116 
Freezing point, F 85 87 
Paraffins, volume per cent 74.7 64.5 38.5 69.4 67.5 45.7 76.4 
Olefins, volume per cent 0.8 0.8 1.3 0.5 0.7 1.0 0.6 
Naphthenes, volume per cent 19.8 29.0 51.0 24.4 25.0 42.0 17.6 
Aromatics, volume per cent 4.7 5.7 9.2 5.7 6.8 11.3 5.4 
Aniline point, F 135 135 141 135 136 142 134 
Refractive index at 68 F 1.4020 1.4128 1.4360 1.4039 1.4108 1.4373 1.3996 
Total sulfur, weight per cent 0.012 0.014 0.021 0.007 0.009 0.017 0.006 
Mercaptan sulfur, weight per cent <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
Doctor test Sweet Sweet Sweet Sweet Sweet Sweet Sweet 
Copper strip cor. 3 hr at 122 F 3 2 2 1 1 1 0 
Research octane numbers 

Clear 51.0 42.0 25.8 55.2 47.4 20.2 60.3 

+ 1 ml TEL per gallon 66.3 60.0 66.0 59.2 71.8 

+ 3 ml TEL per gallon 76.5 70.5 76.5 71.8 81.0 
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Northwest 


0.008 


26.2 
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0.88 
10.77 


crude oils. 


Naphtha 
330-400 


47.9 
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380 
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120 
87 
41 
1 
44 
12 
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1.4389 

0 

<00.01 
Sour 


0 


25.2 


sono 


Gasoline 

IBP-330 
30.1 
66.3 
8.8 


102 
123 
142 
186 
220 


247 
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316 


0 
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1.4001 
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53.9 
64.0 
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TABLE 6. Inspection data on gasoline and naphtha fractions from Kansas crude oils. 
Crude oil source Davis Ranch Bemis-Shutts composite Seeley Wick West Kansas composite 
SR con cci Nee nevsss ea our tnee eas Gasoline Gasoline Naphtha Gasoline Gasoline Naphtha Gasoli Gasoli Naphtha Gasoline Gasoline Naphtha 
Et IBP—330 IBP—400 330—400 IBP—330 IBP—400 330—400 IBP—330 IBP—400 330—400 IBP—330 IBP—400 330—400 
Yield, volume per cent of crude........ 11.0 16.1 5.1 21.0 27.5 6.5 28.8 36.4 7.6 23.5 31.0 7.5 
eae, AES OB OOD. occ cesccncoscns 67.2 63.1 54.4 65.5 61.1 48.4 66.7 62.2 48.8 64.8 61.0 49.9 
Reid vapor pressure.................. 3.6 3.0 9.0 7.9 8.6 7.2 6.6 4.1 
ASTM distillation, F 
Per cent first drop.................. 135 141 311 102 104 310 97 105 319 111 120 i 314 
TRE RES I ee rer ror 164 172 324 126 127 324 115 131 328 137 155 329 
ae ee ene 181 192 330 146 151 331 134 152 332 156 175 ' 333 
ED sick wras'g/relata:w.e ein bane Pe eae aiomee 213 237 341 194 212 340 184 207 338 200 223 342 
Ee en ey Penn eee 236 275 349 226 255 349 217 249 345 226 259 350 
ERs eemne por ersten ae 261 310 358 252 294 359 247 291 353 256 297 359 
AS cit cadiass us casar aes anes 291 352 372 288 344 376 285 340 367 290 344 374 
asad < duicnnecvcobeuraeantee 303 365 378 302 362 384 300 357 74 302 362 i. 382 
ERO mr ee 338 377 407 339 405 412 346 394 413 351 391 | , 404 
ee Snes 105 96 107 102 
I vc nvniyccveesceskees —59 : —117 —92 wad, 94 
Paraffins, volume per cent............. 89.0 81.5 68.4 61.8 57.5 24.2 76.2 69.2 32.5 73.4 61.8 39.3 
Olefins, volume per cent............... 0.6 0.7 1.0 0.2 0.3 0.5 0.8 1.1 r BI 0.3 40.4 1.3 
Naphthenes, volume per cent.......... 9.3 15.5 26.6 36.7 39.5 70.8 18.5 24.3 54.5 25.2 36.2 55.2 
Aromatics, volume per cent............ 1.1 2.3 4.0 1.3 2.7 4.5 4.5 5.4 10.9 it 1.6 4.2 
OS EERO 148 150 156 139 140 143 136 136 37 143 143 148 
Refractive index at 68 F.............. 1.3979 1.4054 1. 4239 1.3990 1.4066 1.4313 1.4000 1.4040 1.4331 1.4024 1.4118 1.4322 
Total sulfur, weight per cent........... 0.044 0.041 0.036 0.020 0.025 0.041 0.008 0.010 0.016 0.021 0.028 0.048 
Mercaptan sulfur, weight per cent. ..... 0.005 0.006 0.008 0.005 0.005 0.004 0.001 0.002 0.002 0.001 0.002 0.005 
| |" ae eee sour sour sour sour sour sour sour sour sour sour sour sour 
Copperstrip Cor.3hrat122F.......... 2 1 0 4 4 3 0 0 0 3 4 4 
Research octane number 
Se eee s cutacelenern oe 10.5 4.2 <0 58.2 49.8 31.7 56.4 49.0 23.6 45.6 40.2 19.6 
+1ml. TEL per gallon............. 22.2 11.4 67.1 62.0 68.4 62.3 60.0 51.7 
+3 ml. TEL per gallon............. 42.0 33.5 78.1 73.2 78.7 73.0 72.0 66.0 


TABLE 7. Inspection data on distillate fractions from Oklahoma crude oils. 















































Burbank West Edmond Elk City Golden Trend Composite 

6 eel gn he wee os gaia Kerosene Diesel fuel Kerosene Diesel fuel Kerosene Diesel fuel Kerosene Diesel fuel 
I I el ik awn niacereuieeas 330—525 400—650 330—525 400—650 330—525 400—650 330—525 400—650 
Yield, volume per cent of crude......... - 21.6 28.7 22.9 24.7 19.8 20.8 21.6 24.0 
Gravity, API at 60 F......... eSin whe eeNs 43.4 38.1 44.3 39.0 43.6 38.8 45.3 39.5 
ASTM distillation, F 
ne, eee 347 408 361 384 352 404 344 412 

ERE SE EYER RS tae rnc eee 363 445 371 450 364 440 357 446 

is te x spk laleca ema eee ae ee Ree oe 373 461 379 463 373 458 364 455 

ring oniay.bo bbbaesetangae eeae oaeinak 390 488 398 491 392 479 381 475 

tS — 5 ONewsts Coden vn Okada ede eudee 414 521 422 517 415 502 399 499 

RS Saiassisscarpoie We kb a se ae wien eb aioae 440 561 454 548 441 535 424 530 

ics. o pcieddrsaccalve vow ewuiaewasee eeubaas 474 606 489 590 478 583 457 572 

a ee Ue Eee oh eee ea 488 622 501 605 492 600 468 587 
I es cig abies gx cece bein ead . 492 635 520 622 508 617 489 604 
Vecssity, SUV at 100 Fw... 2... cc acceee 36.22 35.78 34.88 35.20 
NS SOc adn viecd ccm emataae nen 134(TCC) 198 (PM) 143 TCC) 204 (PM) 136 (TCC) 188 (PM) 129(TCC) 194(PM 
TT... «sc gcse qinaaieoeas kena es —54 +6 —46 —8 —bo4 0 <—50 0 
OS ee eee —50 ~§ —45 5 <—50 —10 <—50 —15 
SS SE TCO RIES —48 —44 —B53 —62 
Paraffins, volume per cent................. 24.0 29.2 31.0 31.3 
Olefins, volume per cent.................-- 2.0 4,2 1.4 3.1 2.9 4.6 2.1 3.8 
Naphthenes, volume per cent.............. 64.5 58.0 51.0 56.9 
Aromatics, volume per cent................ 9.5 7.8 11.4 10.4 15.1 15.4 9.7 8.5 
SS EE OOO re 149 166 153 165 145 157 148 163 
Refractive index at 68 F.............. Pere 1.4620 1.4494 1.4611 1.4488 1.4618 1.4450 1.4585 
Total Sulfur, weight per cent.............. 0.037 0.14 0.015 0.06 0.022 0.05 0.028 0.08 
Mercaptan Sulfur, weight per cent.......... <0.001 <0.001 0.002 <0.001 
eae sweet sweet sour : sweet 
Copper strip corrosion, 3 hr................ 2 (122 F) 4 (212 F) 2 (122 F) 3 (212 F) 0 (122 F) 0 (212 F) 0 (122 F) (212 F) 
Conradson carbon res. weight per cent... ... 0.06 (10% Btms) 0.06 (10% Btms) 0.01 (10% Btms) 0.04 (10% Btms 
Lamp burning test, 24 hr...............-.. passes passes passes passes 
Se ae 58.8 56.9 54.8 56.4 

TABLE 8. Inspection data on distillate fractions from Kansas crude oils. 
Crude oil source Davis Ranch Bemis-Shutts composite Seeley Wick West Kansas composite 
Bib vas oss cord es cecwone tes aeawe Kerosene Diesel fuel Kerosene Diesel fuel Kerosene Diesel fuel Kerosene Diesel fuel 
Boiling en eee .-. 3830—525 400—650 330—525 400—650 330—525 650 330—525 400—650 
Yield, volume per cent of crude............ 16.5 25.1 19.4 24.4 21.0 24.8 20.9 25.1 
Ee ea eee 48.2 42.1 43.0 38.0 44.0 38.8 45.0 39.7 
ASTM distillation, F 
Pub sent Tet Gren... ..06...ccsccassesce 341 419 351 400 339 405 361 402 
CR Oe ee rere 366 451 354 431 357 436 368 432 

ESR Steiner tee oS em OIE s 375 461 367 443 363 447 374 445 

Na ORC OA A seer Ree 398 488 391 475 383 470 392 470 

SRS Cee sey 46 423 514 418 502 410 494 416 497 

| IRS ar eet ore eee 448 543 449 534 433 527 443 528 

IE EP SARs Senet au 476 575 485 576 464 568 480 568 

oy RIS tame NG Rr PRB 485 586 497 591 477 581 495 583 
End he eed a oe ne ey 501 605 511 602 493 599 509 598 
Viscosity, SUV at 100 F.................-- 35.07 35.23 34.72 34.94 - 
0 SSS See eer 132 (TCC) 202 (PM) 125(TCC) 168 PM) 121(TCC) 188 (PM) 127 (TCC) 190(PM) 
OS Sa eee —30 +4 —50 -~ —50 —10 <—50 —12 
Ps iesoscccsan vescsomesseh —25 +5 <—50 —30 —50 —10 <—50 —10 
Tn coc vncdsievcecwcce —27 —63 —53 —61 
Paraffins, volume per cent...............-. 53.7 10.6 25.5 $1.1 - 
Olefins, volume per cent..................- ; 3.9 1.6 3.8 3.1 5.5 1.9 3.3 
Naphthenes, volume per cent.............. 38.5 81.4 59.0 70.4 7 
Aromatics, volume per cent............-.-- 6.2 6.1 6.4 $9 12.4 10.5 6.6 7.8 
ES eee 160 169 147 158 146 151 153 163 

fractive index at 68 F.................. 1.4383 1.4539 1.4442 1.4610 1.4442 1.4571 1.4438 1.4576 
otal sulfur, weight per cent............... 0.055 0.16 0.067 0.12 0.023 0.07 0.061 0.18 
Mercaptan sulfur, weight per cent.......... 0.004 0.001 0.001 0.004 

“ oo SE ee sour sour sour sour 
Copper strip corrosion, 3 hrs............... >4 (212 F) >4 (212 F) 0 1 (212 F) 4 >4 (212 F) 
onradson carbon res. weight per cent. ..... 0.02 (10% Btms) 0.02 10% Btms) 0.04 (10° Btms) 0.07 (10% Btms 

mp burning test, 24 hrs................. passes passes passes : passes ne) 
on 71.5 57.7 54.7 61.7 
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ably make end point undercutting 
necessary. The paraffinic Davis Ranch 
diesel fuel has an exceptionally high 
cetane number of 71.5. 

The good quality of the lubricating 
oil fractions from the West Edmond 
and Burbank type crudes is well known. 
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Huddleston Lindsay 
James G. Huddleston is a pilot plant 

supervisor for Phillips Petroleum Com- 

pany, Bartlesville, Oklahoma. A gradu- 











By comparison of Hempel and pilot 
plant lube range fractions it appears 
probable that all of the Oklahoma 
crudes tested, with the exception of 
the Seminole and S. E. Red Spring, 
would produce fair to good quality 
lube fractions. The Liberal light crude 
is the only Kansas crude oil tested that 
shows much possibility of good quality 
lube fractions. Based on the high pour 
point of this crude oil, however, the 
wax contents would almost certainly 
be very high. 

The topped crudes from the pilot 
plant fractionations were vacuum 
flashed to separate the heavy gas oil 
fractions from the asphaltic residuals. 
Yields of vacuum residues from the 
various crude oils are shown as a func- 
tion of the flash temperature, corrected 
to one dhecssscn seme in > a 





The vacuum gas oil from the Davis 
Ranch crude oil is unusual in that it 
is much less paraffinic than the gas oils 
from the other crude oils tested. The 
low gravities of the Hempel still resi- 
dues of the Norton and the Jelinek 
crudes suggest that these crudes also 
have comparatively low gravity and 
low aniline point heavy gas oil frac- 
tions. In general the Oklahoma crude 
oils tested show more paraffinic gas oil 
cracking stocks than do the Kansas 
crudes. 

The vacuum flash data indicate that 
it would be quite difficult to reduce the 
Oklahoma crudes to asphalt by this 
method. There would appear to be 
more prospect of obtaining asphallts 
from the Mt. Vernon and S. E. Red 
Spring crude oils as they more nearly 
resemble some of the Western Kansas 


TABLE 9. ened data on light gas oil fractions from Oklahoma crude oils. 








Golder on 1 Tre nd 


oo mt mii 





ate of the University of Oklahoma ‘ Crude oil source ; ne ps — Pans city Base nn , 
Huddleston joined Phillips in 1946 and | patie igitenseil  Ligivenscil Liesl Tiesto ' 
since then has worked as a develop- Yield, volume per cent of crude 14.5 9.5 8.9 11.9 Y 
ment engineer in the research and de- rk ae - 60 I 35.3 35.8 36.3 37.1 : 
5 Istiilation A 

velopment department. In 1951 he as- Per cent first drop...... 528 537 521 510 

sumed his present duties as supervisor Deceit Sean caenk 551 559 545 529 

of pilot plant crude oil analyses. 10.. 558 569 549 534 

° A . 30... 573 582 560 543 

R. E. Lindsay is supervisor of the SaaS 586 589 570 554 

crude oil evaluation section, refining Ss 601 598 583 568 

department and chairman of the crude 90.......0eeee. 624 612 606 589 
‘ : : aoa Se 635 620 620 599 | 
oil evaluation committee of Phillips End point......... 647 636 626 612 E 
Petroleum Company, at Bartlesville. Viscosity, SUV at 100 F 42.72 42 97 40.41 40.00 \ 
Lindsay joined Phillips in 1938 after Flash point, PM, F..... 275 285 265 260 i 
* Cloud point, F...... 20 16 24 4 ( 
graduating from lowa State College Pour point, F. bay 20 20 20 5 
and worked at the Okmulgee, Okla- Olefins, volume per cent...... 7.1 4.8 7.1 6.4 ( 
homa refinery until 1947. Since 1947 Aromatics, — per cent... 7.4 7.7 12.9 7.1 , 
. ° Aniline point, 175 176 169 172 é 
he has been assigned to the Bartlesville Refractive index at 68 F....... 1.4692 1.4690 1.4691 1.4655 
office. Total sulfur, weight per cent. . 0.22 0.13 0.08 0.1 : 
Copper strip corrosion, 3 hr at 122 F.. 1 0 0 0 ( 
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Equipment 
Hempel Distillation. Laboratory 
crude oil analyses are made with the 


crudes that produced asphalts by 
vacuum flashing. The topped crude 
from Davis Ranch crude oil is quite 
asphaltic but it requires a high equiva- 
lent flash temperature to approach 100 
penetration asphalt residue. 


familiar Bureau of Mines Hempel 
apparatus. 

Pilot Plant Fractionation. The pilot 
plant batch fractionator consists of a 
kettle, packed column, condenser, re- 
flux splitter, receivers, and auxiliary 
equipment. The 80-gal gas-fired kettle 
is mounted in a fire-box over a natural 
gas burner and is shielded from the 
flame by a metal plate. The 6-in. di- 
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FLASH TEMPERATURE, F, CORRECTED TO ONE ATMOSPHERE 


FIG. 3. Flash curves for Oklahoma and Kansas crude oils. 


TABLE 10. waitin dite on light gas oil neues from Kansas crude oils. 














hatin range, F.. 
Yield, volume per cent of crude. 
Gravity, API at 60 F...... 
ASTM distillation, F 
vie cent first drop 


Crude oil source 


eon SUV at 100 F 
Flash point, PM, F. 
Cloud point, F 
Pour point, F aS 
Olefins, volume per cent.. 
Aromatics, volume per cent. 
Aniline point, F 

fractive index at 68 F. 
Total Sulfur, weight per cent 
Copper strip corrosion, 3 hrs at t 122 F 
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Bemis-Shutts . West Kansas 
Davis Ranch composite Seeley Wick composite 
Light gas oil Light gas oil Light gas oil Light gas oil 
Slpiebinlieak 525—650 ee 525—650 525—650 
Seay 13.7 11.4 13.7 
35. : 35.7 37.0 
514 481 515 497 
535 528 531 522 
541 535 536 529 
552 548 548 541 
564 559 556 561 
575 568 567 563 
592 590 586 581 
600 599 597 592 
610 609 609 607 
38. 40.48 $39.74 39.48 
270 2 = rod 
5 15 15 
4.9 8.3 5.8 
9.4 8.7 8.2 
1 167 67 172 
611 1.4690 1.4665 1.4657 
4 0.16 0.13 0.30 
0 0 1 














Crude Oil Studies 


ameter column is packed with 8 ft of 
¥2-in. Berl saddles. Four electrical 
heaters are situated along the length of! 
the column to prevent heat losses. 
Overhead vapors are condensed in a 
water-cooled, shell and tube condenser 
and the distillate is separated by a split- 
ter into equal volumes of reflux and 
product. Reflux is returned to the col- 
umn through a distributor located just 
above the packing. The product is 
collected in 2-gal receivers. Othe: 
equipment includes wet and dry ice 
traps on the vent lines, a vacuum surge 
tank, a mechanical vacuum pump, a 
temperature indicator, and pressure 
measuring equipment. A simplified dia- 
gram of the fractionator is shown in 
Fig. 1. 

Pilot Plant Flash Still. The pilot 
plant continuous vacuum flash stil! 
comprises a preheater, flash chamber, 
condenser, receivers, and auxiliary 
equipment. The preheater is a 13-ft 
length of 1%-in. stainless steel tubing 
wound in a 6-in. diameter coil. The 
coil is cast in an electrically heated 
bronze block. The flash chamber is a 
6-in. diameter by 10-in. long vessel 
cast in an electrically heated aluminum 
block. The chamber has a tangential 
feed entry and an entrainment baffle 
at the vapor exit. The condenser is a 
pipe jacketed for either cooling water 
or steam. Thick-walled glass receivers 
are used to collect overhead and bot- 
toms products. Thermocouples are lo 
cated in the preheater block, flash 
chamber, and the flash chamber block. 
Auxiliary equipment consists of an 
electrically heated charge vessel, a 
gear-type charge pump, a mechanical 
vacuum pump, a temperature indica- 
tor, temperature controllers, and Mc- 
Leod-type and aneroid-type vacuum 
gages. Fig. 2 is a schematic diagram of 
the vacuum flash still. 





Procedure 

All crude oils evaluated are first 
characterized by the Bureau of Mines 
Hempel distillation. Samples that re- 
quire a more detailed analysis are 
further processed by pilot plant frac- 
tionation and subsequent vacuum 
flashing of the fractionator residuum. 

In the pilot plant tests a weighed 
sample of crude oil is charged to the 
pilot plant batch fractionator. The 
column is operated at total reflux until 
good vapor-liquid contact is obtained 
and then the operation is changed to a 
reflux ratio of one. The fractionation is 
performed at atmospheric pressure 
until the kettle temperature reaches 
600 F. Remainder of the fractionation 
is at an absolute pressure of 5 to 10 
mm of mercury. Distillate products 
are collected, weighed, and sampled for 
inspection tests. Cut temperatures (cor- 
rected to a pressure of one atmosphere ) 
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TABLE 1 11. &: Senecten data on vacuum flash piolinas from Oklahoma crude /- 








Crude oil source Burbank West Edmond 
Operating conditions 
Pressure, mm mercury absolute 1.5 1.0 2.0 1.0 2 
OS =e 578 686 586 669 606 
Temperature, F corrected tol atmosphere (1) 1012 1175 1004 1155 1027 
Vacuum gas oil 
Boiling range. 650—1012 650—1175 650—1004 650—1155 650 
Yield, volume per cent of crude. 25.3 32.1 23.9 29.1 14 
Gravity, API at 60 F. = 27.5 25.9 28.8 By 28 
Vacuum Distillation, F* 
Per cent first drop........... 690 700 659 690 670 
ngedhereadattsSdkcs cheese Wenessaaawe 718 725 694 709 701 
kerecheeee 732 738 715 724 709 
30. 770 797 757 780 751 
50.. 830 870 803 854 816 
70 890 981 886 950 885 
90 970 Cracked 988 1080 995 
Aniline point, F 208 216 208 212 203 
Viscosity, SUV at 100 F............. 274.2 201.5 292.1 198 
Viscosity, SUV at 210 F. 48.98 56.75 46.36 52.36 45 
Pour point, F. esatantad 90 00 90 95 85 
Total sulfur, weight per cent.. ae 0.38 0.40 0.26 0.28 0 
Conradson carbon res. weight per cent. 0.09 0.62 0.11 0.45 0 
Ash, weight per cent nas : <0.01 <0.01 <0.01 <0.01 <0 
Vacuu m residue 
Yield, volume per cent of crude 13.6 6.7 10.4 5.2 6 
Gravity, API at 60 F 20.6 17.7 21.1 19.8 23 
Viscosity, SFV at 122 F 668 1503 1217 1722 120 
Viscosity, SFV at 210 F 43.2 97.5 35.7 
Total sulfur, weight per cent 0.62 0.68 0.41 0.48 0 
Conradson carbon res. weight per cent 7.67 12.38 4.66 7.65 3.7 
Ash, weight per cent <0.01 0.03 <0.01 <0.01 0 
Penetration, mm per 10, 100 g per 5 Sec per 
>260 260 260 


77F . >260 


° Phillips Petecloum Ce ompany procedure. 


TABLE 12. Reieoien data on vacuum flash products 


> 260 





Crude oil source 


Operating conditions 


Davis Ranch 


‘Be mis-Shutts eumpeatie 


Pressure, mm mercury absolute 2.0 1.3 2.0 1.0 2 
Temperature, 583 713 584 629 592 
Temperature, F corrected to 1 atmosphere (1) 1000 1205 1002 1100 1010 
Vacuum gas oil 
Boiling range 650—1000 650—1205 650— 1002 650 1100 650 
Yield, volume ayy of crude 23.4 33.9 28.5 31.9 27 
Gravity, API at 60 F 26.3 23.7 26.1 25.4 27 
Vacuum distillation, F* 
Per cent first drop 668 680 665 665 630 
5 : , 684 703 684 693 662 
Se , : 698 722 700 711 680 
30 ; 752 792 752 768 740 
50 806 877 812 837 802 
70 : 865 960 886 925 872 
90 “ 940 1070 992 1050 980 
Aniline point, F 176 176 194 195 195 
Viscosity, SUV at 100 F 149.3 320.2 240.1 367.3 —_ 
Viscosity, SUV at 210 F 43.31 53.05 47.43 51.26 46 
Pour point, F 60 70 65 85 90 
Total sulfur, weight per cent 0.39 0.56 0.68 0.73 0 
Conradson carbon res. weight per cent. . 0.18 0.75 0.16 0.33 0 
Ash, weight per cent <0.01 <0.01 <0.01 <0.01 <0 
Vacuum residue 
Yield, volume per c _ of crude 34.6 24.1 19.1 15.9 10 
Gravity, API at 60 F 9.9 6.3 10.8 9.4 17 
Viscosity, SFV at 122 F ‘ 1472 
Viscosity, SFV at 210 F 299.0 3160 1943 > 4000 63 
Total sulfur, weight per cent 0.76 0.87 1.20 1.22 0 
Conradson carbon res. weight per cent. 22.40 29.34 21.30 23.68 il 
Ash, weight per cent. 0.02 0.04 0.09 0.13 0 
Penetration, mm per 10, 100 g per 5 sec per 
ia & > 260 125 > 260 98 260 
Softening point, ring and ball, F 117 118 
Ductility, cm, 5 cm per min per 77 F. 132 > 150 
Loss on heating, weight per cent. 0.05 <0.01 
Spot test, naphtha, 24 hrs negative negative 
Solubility i in CCl, weight per cent. 99.82 99.91 
Solubility i in CSe, we ight per cent — 99.88 99.86 





* Phillips Petroleum Company procedure. 


are 330 F, 400 F, 525 F, and 650 F. 
This break-up of the crude and 
blends of the various fractions pro- 
duces 2 gasolines (IBP-330 and IBP- 
400 F), a jet fuel (IBP-525 F), 
naphtha (330-400 F), 2. kerosines 
(330-525 and 400-525 F), a diesel fuel 
(400-650 F), and residuum (650 F and 
heavier). After draining the 650 F and 
heavier residuum from the kettle a 
weighed amount of butane-free gaso- 
line is charged to the still and refluxed. 
The amount of 650 F and heavier ma- 
terial left in the still after the crude oil 
fractionation is calculated from an 
ASTM distillation of the resulting 
kettle product. Additional charges of 
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the gasoline are required to clean the 
still for subsequent fractionations. 
The 650 F and heavier residuum 
from the batch fractionation is vacuum 
flashed at several sets of temperatures 
and pressures to produce vacuum gas 
oils and vacuum residues. Flashing 
conditions usually range from 900 F 
(corrected to a pressure of | atmos- 
phere) to the most severe conditions 
attainable without appreciable crack- 
ing. Minimum flash still pressures are 
0.7 mm of mercury absolute. The 650 
F and heavier charge material is 
pumped to the preheater at a rate of 
about 0.5 gal per hour. After suffi- 
cient amounts of products are pro- 


from Kansas crude 


0 


1 





ee 
Elk City Golden Trend composite 
skeen inne —<$<$<$<$—$ 
0 0.7 2.0 1.1 
642 574 684 
1136 990 1170 
1027 650—1136 650—990 650—1170 
3 15.6 24.6 29.2 
6 28.0 28.1 27 
715 660 670 
722 685 692 
732 705 7 711 
782 760 772 
828 820 850 
915 883 940 
1010 970 1085 
204 203 207 
8 285.2 219.4 413.5 
31 47.30 45.98 53.12 
90 70 85 
18 0.27 0.30 
15 0.28 0.11 0.36 
01 <0.01 <0.01 <0.01 
5.8 5.5 11.5 7.0 
2 22.8 20.2 19.3 
2 135.4 966.4 1532 
41 0.59 0 73 
73 4.62 5.34 7.01 
.03 0.03 0.08 
>260 260 





oils. 
Seeley Wick West Kansas composite 


1.0 3.0 1.0 
686 581 625 
1178 975 1093 

010 650—1178 650—975 = 10938 
32.7 28.0 1.5 
26.0 27.2 26. 1 

635 655 662 
665 675 680 
684 695 696 
750 754 762 
830 807 837 
925 877 924 
1015 985 1052 
202 195 196 
- 191.6 274.2 
52.60 45.12 49.11 
95 80 80 
0.43 0.57 0.59 
0.74 0.15 0.32 
<0.01 <0.01 <0.01 
5.1 15.9 12.2 
12.7 10.8 8.3 
285.6 665.1 4543 
0.75 1.13 1.29 
17.70 18.39 21.51 
0.09 0.05 0.09 
260 > 260 52 
135 
139 

0.01 

Negative 

99.93 


duced the flow of feed is stopped and 
the overhead and bottoms products are 
allowed to drain for 30 minutes. The 
products from each flash condition are 
then weighed and samples retained for 
inspection tests. Upon completion of 
a series of tests air is introduced to the 
still to burn carbon from the preheater 
coil and flash chamber. This is followed 
by a kerosine flush of the entire system. 


References 


1. Beale, E. S. L., J. Inst. Petroleum Tech. 23, 
811 (1937). 

2. Smith, N. A. C., Smith, H. M., Blade, O. ©. 
and Garton, E. L. The Bureau of Mines 
Routine Method for the Analysis of Crude 
Petroleum, I, The Analytical Method, 
Bureau of Mines Bulletin 490, 19531, 82 pp. 


xk 


THE PETROLEUM ENGINEER, June, 1955 





THE 
produ 
via ¢ 
types 
thesis 
activi 
(a) 
(b) 
(c) 
AS 
sider: 
a rel 
None 
for s 
scale 
of lo 
latio’ 
of L 
shar‘ 
some 
by d 
cipa 
and 
Sc 
(pol 
cher 
dien 
thei 
tive 
(cur 
mat 
che: 
pro 
fort 
cou 
for 


Pol 
I 
len 
tac 
doc 
len 
ser 
ph 
of 
wil 
Bo 
ev 
fa 


pr 


1 





—: 


a 
e 
ae 


‘1170 


_—oo wm rt 











P 793 


Petrochemicals Unlimited from Ethane, Propane, Butanes Part Il: Section | 
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Polymerization, alkylation, dehydrogenation 
are major processes for making 


Peter W. Sherwood* 


THE route to many petrochemical 
products of the lower aliphatics leads 
via derivative hydrocarbons. Three 
types of unit processes for their syn- 
thesis acount for almost the entire 
activity in this field. 

(a) Polymerization of monoolefins; 

(b) Alkylation, 

(c) Dehydrogenation. 

As applied to the field under con- 
sideration, all three processes have had 
a relatively short commercial history. 
None antedated World War IIl—except 
for some operations on a very limited 
scale. Today all are major consumers 
of lower aliphatic hydrocarbons. Alky- 
lation accounted for nearly 12 per cent 
of U.S. ethylene output in 1953; the 
share of polyethylene production was 
some 7 per cent. Butadiene, produced 
by dehydrogenation, is by far the prin- 
cipal derivative of recovered butanes 
and butenes. 

Some of the derivative hydrocarbons 
(polyethylene, polyisobutylene) are 
chemical end products; others (buta- 
diene, ethyl benzene, styrene) must, in 
their own turn be converted to deriva- 
tive hydrocarbons, while still others 
(cumene, dodecyl benzene) serve as raw 
material for wholly different types of 
chemical synthesis. Of necessity, the 
production of derivative hydrocarbons 
forms an important chapter in this ac- 
count of the petrochemical horizons 
for ethane, propane, and the butanes. 


Polymerization Process Products 
Production of Nonene and Dodecy- 
lene. Petrochemical importance at- 
taches to the production of nonene and 
dodecene by polymerization of propy- 
lene. Nonene, the trimer of propylene, 
serves in the production of nonyl 
Phenols. The more important tetramer 
of propylene—dodecylene—is reacted 
with benzene to yield dodecyl benzene. 
Both of these intermediates find their 
eventual principal end use in the manu- 
facture of synthetic detergents. 
Polymerization of C, —C, olefins to 
Products in the gasoline boiling point 


R = . 
Chemical engineer 
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Derivative Hydrocarbons 








Courtesy: The Koppers Company 


range is widely practiced today in re- 
fining installations. Numerous poly- 
merization processes have attained 
commercial stature. They may be classi- 
fied into the following categories: 
1. Thermal polymerization 
2. Catalytic polymerization 
(a) Phosphoric acid catalyst 
(b) Hot sulfuric acid process 
(c) Cold sulfuric acid process 
All lead to products of predominantly 
(90 per cent +) olefinic character. 
For the polymerization of propylene 
(alone), phosphoric acid-based pro- 
cesses are used par excellence. The 
leading process, developed by Univer- 
sal Oil Products Company, uses a solid 








FIG. 1. Synthesis of styrene begins in this ethyl- 
benzene plant at a Port Arthur, Texas, plant. 


catalyst of phosphoric acid on a kiesel- 
guhr carrier. The material is provided 
in % by % in. pellets and is arranged in 
a fixed-bed reactor. 

Three types of converter are used in 
phosphoric acid - catalyzed polymeri- 
zation. The oldest type is a catalyst- 
packed tower operated slightly below 
the stabilizer pressure of the cracking 
plant where the feed olefins are derived 
Because of rapid catalyst fouling at the 
relatively low pressure, regeneration is 
necessary. This is accomplished by 
burning, whereby a low oxygen con 
centration must be maintained to pre 
vent overheating. After regeneration, 
steam is turned into the converter in 
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FIG. 2. One of four ethyl-benzene cracking units of Dow 
Chemical Company's Velasco, Texas plant, making styrene. 


order to rehydrate the catalyst to maxi- 
mum activity. 

Because of rapid catalyst fouling and 
high cost of regeneration equipment, 
low-pressure (250 psi) polymerization 
has come into disfavor. By operating 
a catalyst tower at 500 psi, min, suffi- 
ciently low operating temperature be- 
comes feasible to cut down very consid- 
erably on catalyst fouling and regen- 
eration may be wholly eliminated. At 
the same time, better conversion is 
attained. 

The most modern type of polymeri- 
zation reactor is of the shell-and-tube 
design. It, too, is operated at elevated 
pressure. Substantially isothermal con- 
ditions are maintained, while heat of 
polymerization (670 Btu per propy- 
lene) causes a temperature rise of about 
40 C between inlet and outlet of adia- 
batic catalyst towers. The close tem- 
perature control, which is possible in 
isothermal (shell-and-tube) convert- 
ers, boosts catalyst life, olefin conver- 
sion, and polymer yield. Regeneration 
is not necessary. 

Feed to the phosphoric acid catalyst 
must be pretreated for removal of sul- 
fur and nitrogen compounds, as well 
as of oxygen, butadiene, and excess 
water. A small amount of moisture 
must be present in order to prevent loss 
of catalyst activity by dehydration. 

Typical of operation in the three 
types of polymerization converters are 
the conditions reported by Weimert 
and Egloff for processing C.-C, mix- 
tures. (See table above.)' 

Folymerization processes in refinery 
practice lead to a complex hydrocarbon 
mixture, predominating in the C,-C, 
range. For the preferential production 
of one specific compound (propylene 
tetramer), steps must be taken to 
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TABLE 1. 





Shell 
Tower type and tube 
. : Sa ER IN RL 
Low-pressure 
regeneration High-pressure 
Pressure, psi . 250 500 900 
Catalyst temp., °C 
Inlet ‘ : 203 190 203 
Ribena « 245 232 212 
Olefin Content,% : 
Fresh feed 35 35 35 
Combined feed 20 20 5 
Spent gas........ 10 5-7 4 
Olefin conversion,%. 80 85-90 92 
Catalyst life, gal/lb 
I. cc ataces 50 75 150 








achieve substantial improvements in 
its yield over that obtained in normal 
practice. 

This objective may be attained by 
recycling the lighter-boiling by-pro- 
ducts to the reaction stage after sep- 
aration from the desired tetramer. In 
a process developed by Universal Oil 
Products Company,? yields of the 
order of 75 per cent of theory are 
achieved by this mode of operation. 

The catalyst is a pre-calcined mix- 
ture of pyrophosphoric acid and kiesel- 
guhr.* Conditions are chosen to main- 
tain a mixed liquid-and-vapor-base 
within the reactor. In the vapor phase, 
the main components are unconverted 
proplyene plus recycle propylene dimer 
and some trimer, while most of the 
trimer plus, of course, higher-boiling 
products, are present as liquids. The 
converter effluent is cooled and con- 
densed (propylene itself remains in gas 
phase). After separation from the tetra- 
mer, the dimer and trimer of propylene 
are recycled to the converter where 
they are joined by make-up proplyene. 
(If nonene is also a desired product. 
only the dimer is recirculated. ) 

A fairly dilute proplyene stream may 
serve as feedstock. The reaction for 
tetramer production is carried out in 
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FIG. 3. Battery of fractionators for purification of 
raw styrene as produced in units shown in Fig. 2. 


the operating range outlined above for 
non-specific polymerization. Mayland 
et al.? cite an example in which the 
feed stock is 31 per cent proplyene, 
65 per cent propane, 2.5 per cent bu- 
tenes, and 1.5 per cent higher hydro- 
carbons, 0.5 wt per cent moisture is 
added to the charge (to safeguard the 
catalyst). The stream is fed to the reac- 
tor containing UOP phosphoric acid 
catalyst. Conversion is carried out at 
230 C and 900 psi inlet pressure. The 
gaseous reactor make enters a partial 
dephlegmator, mainly for condensation 
of propylene dimer. The liquid so 
formed is recovered and returned to re- 
actor feed tanks for repolymerization. 

Product leaving the reactor in the 
liquid phase is fractionated. Overhead 
trimer may be sold as nonene product 
or it may be returned to the polymeri- 
zation reactor for further upgrading to 
the tetramer. 

The bottoms of the primary fraction- 
ation column are further distilled for 
the recovery of tetramer from associ- 
ated higher hydrocarbons. In operation 
for maximum tetramer yield (i. e. with 
complete trimer recycle) about 75 per 
cent of the feed propylene is accounted 
for as the desired product. 

A further improvement in yield is 
claimed‘ if only the C.-C,, product 
(i.e. chiefly propylene trimer) is re- 
cycled to primary reactor. The light- 
er condensible fraction (chiefly propy- 
lene dimer) is polymerized separately. 

As may be expected, none of these 
polymerization reactions lead _ solely 


to the self-condensation derivatives of 
propylene. The various fractions also 
contain by-products arising from num- 
erous side reactions, and a bleed stream 
of dimer and trimer recycle must be 
taken in order to prevent undue build- 
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yp of the waste material contained 
therein. 


Polyethylene. Polyethylene plastics 
are the giant newcomers among con- 
sumers of ethylene. The product was 
first introduced in 1943. By 1952, out- 
put had passed the 100,000,000 Ib per- 
ear mark. Production in 1953 esti- 
mated at 140,000,000 Ib accounted for 
7per cent of all ethylene consumed 
during that year. 

The field of polyethylene production 
is characterized by unusually vivid 
activity. In mid-1954, only two Ameri- 
can companies (DuPont and Bakelite) 
were engaged in its manufacture. Other 
companies are getting into this field 
and, at present outlook, ten firms 
should be actively producing polyethy- 
lene by mid-1955. Total plant capacity 
should be between 500,000,000 and 
600,000,000 Ib per year by then. 

Polyethylene consumption pattern 
has shifted markedly from early em- 
phasis on electrical insulation to today’s 
predominance of film for packaging 
purposes, a trend that is likely to con- 
tinue. During 1953, polyethylene con- 
sumption is estimated to have had the 
following distribution pattern: Film-30 
per cent; Wire- and cable - 25 per cent; 
Pipe- 15 per cent; Injection molding 
products- 13 per cent; Papers and 
coating - 1 per cent and bottles - 6 per 
cent. 

Polyethylene production is still a 
relatively virgin field with outstanding 
growth outlook. Most conservative 
view is taken by the Paley Commission 
report’ which looks to a 1960 produc- 
tion of only 500,000,000 Ib (one billion 
lb in 1975). Kuhn and Hutcheson’s 
careful study® made in 1951, forecasts 
1960 sales at 700,000,000 Ib. Current 
view is even more optimistic, and it is 
expected that polyethylene production 
in 1960 will be just short of a billion Ib. 

In this connection, the term “poly- 
ethylene” is used to denote ethylene 
polymers with an average molecular 
weight in excess of 15,000. These ma- 
terials exhibit the valuable physical 
properties (toughness, good electrical 
properties, good flexibility, translucen- 
cy, etc.) by which they have captured 
80 impressive a market in the plastics 
field. Polyethylene in this category is 
produced at very high pressures (above 
1000 atmospheres) by methods that 
will be outlined below. 

It must be recognized, however, that 
ethylene may also be polymerized to 
products of lower molecular weight— 
and entirely different characteristics— 
by the use of wholly different tech- 
niques. Synthetic lube oils and waxes 
have been produced in this fashion, but 
the field has not proved very fruitful. 

Present manufacturing methods for 
polyethylene plastics are based on the 
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original work of Imperial Chemical 
Industries‘, which disclosed a process 
for polymerization of ethylene at pres- 
sures above 1000 atmospheres, at 
temperatures of 100 to 200 C with 
quick removal of heat, and in the pres- 
ence of oxygen not exceeding a definite 
small percentage (order of 0.1 weight 
per cent). The molecular weight of the 
polymer was found to be in direct re- 
lation to the pressure and inversely re- 
lated to oxygen (catalyst) content. 

Polymerization of ethylene is accom- 
panied by the evolution of unusually 
large heat reaction (1440 Btu per Ib). 
Its dissipation constitutes a severe en- 
gineering problem. The conversion is 
carried out in indirectly cooled, thick- 
welled tubes of small inside diameter. 
Units of this design initially gave much 
difficulty as they were recurringly plug- 
ged by cross-linked polymer. A better 
understanding of the reaction princi- 
ples has led to minimization of this 
difficulty. Of particular importance in 
this connection is proper control of 
oxygen concentration, and a minimum 
inside diameter of 0.4 in. in the reactor 
tubes. 

For the production of solid polyethy- 
lene, polymerization is carried out in 
homogeneous dense (gas) phase in the 
presence of oxygen, which serves as 
catalyst. The feed ethylene must be of 
outstanding purity. 

In the presence of catalyst, high ini- 
tial reaction rates are obtained and a 
conversion of 5 to 20 per cent of the 
ethylene may be attained in a few sec- 
onds. The catalyst itself is consumed in 
the course of reaction whereby the con- 
version rate is reduced to unfeasibly 
low values. Initial oxygen concentra- 
tion, on the other hand, is limited by 
its depressive effect on molecular 
weight of the polymer, and by the 
occurrence of explosive decompo- 
sition (above approximately 0.16 per 
cent). As a result, it is necessary to 
operate the reaction at low conversion 
per pass. Ethylene in the tail gas is puri- 
fied and recycled. 

Even inert impurities are objection- 
able since a small concentration in the 
feed gas rapidly depresses ethylene par- 
tial pressure in a recycling operation of 
this type. Ethylene specification in U. 
S. plants is generally 99 per cent, but 
concentrations as low as 98 per cent 
may be technically feasible. 

A commercial process for the pro- 
duction of polyethylene has been pilot- 
ed at Ludwigshafen.* Here, the feed 
gas assayed 98 per cent ethylene, 0.5- 
1.0 per cent nitrogen, 0.1-0.3 per cent 
acetylene, the balance ethane. The re- 
action was carried out in 15-ft tubes 
with an internal diameter of 0.4 in. 
Individual tubes were vertically ar- 
ranged and a wax separator provided at 
each lower elbow in order to minimize 





clogging. Cooling is provided by cir- 
culating water through jackets sur- 
rounding each tube. 

In polymerization at 1000 atmos- 
pheres, the reaction is carried out in 
two stages. Initial conversion is effect- 
ed at 180 to 190 C, and the final poly- 
merization takes place at 90 to 100 
The ethylene feed has an oxygen con- 
tent of 0.05 to 0.1 per cent at the re- 
actor entrance. 

Pressure may be released in one o! 
two stages. In the former case, the 
system is cooled sufficiently (due to 
expansion) to cause precipitation of 
solidified polyethylene as a fine powder. 
Alternately, the first pressure reduction 
is taken to 200 atmospheres, whereby 
most of the polymer pressure is depos- 
ited as a liquid. The final reduction to 
atmospheric pressure yields a smal! 
amount of polyethylene of low molecu- 
lar weight. An important advantage ot 
two-stage pressure release is the elimi- 
nation of this lower grade material 
from the main product. 

Unconverted ethylene is washed 
with caustic solution. Here, the small 
amounts of aldehydes and oil-type pro- 
ducts are removed. At the same time, 
the ethylene picks up the requisite 
amount of make-up oxygen before it 
is recycled to the converters. 

The Ludwigshafen pilot plant yield- 
ed a product with a molecular weight 
of 15,000 to 20,000 (at 1000 atmos- 
pheres). Conversion is reported at 84 
to 15 per cent, and effective yield, 
based on ethylene, is 93 to 96 per cent. 

An alternate process, operated at 
Zweckel for the production of poly- 
ethylene waxes, involved polymeriza 
tion in the presence of methanol solvent 
and benzoyl peroxide, together with 
oxygen, as catalyst. Conversion is 
effected at 200 atmospheres and 115 to 
120 C. The polymer is a specialty pro- 
duct of limited commercial interest. 


Polyisobutene. Polymerization of iso- 
butylene falls properly within the 
scope of the plastics and rubber indus- 
tries. Only a brief outline of methods 
need then be given in this discussion 

Isobutlylene has a much more pro 
nounced polymerization tendency than 
either ethylene or propylene. Indeed, 
the reaction is carried out at very low 
temperatures and substantially atmos- 
pheric pressure. Heat evolution is mod- 
erate (412 Btu per Ib) but, at the low 
polymerization temperatures, it im- 
poses a severe burden on the refrigera- 
tion system. 

Blouri® distinguishes the following 
techniques applicable to isobutylene 
polymerization: 

A. Homogenous systems 

(a) Mass polymerization (i.e. in 
the absence of diluent) 
(b) Polymerization in solution 
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B. Hetergenous systems 
(a) Emulsion polymerization 
(b) Suspension polymerization 

In mass polymerization, which is 
carried out in the absence of a diluent, 
temperature control is extremely diffi- 
cult to achieve and, indeed a non-uni- 
form product is obtained. 

Drawback of using a solvent is the 
strongly depressive effect on reaction 
rate and the difficulty—if not complete 
impossibilty — of separating residual 
solvent entirely from the product. 
Nevertheless, this method figures 
prominently in isobutylene polymeri- 
zation. Among the solvents of interests 
are methyl chloride, ethyl chloride, 
ethane, propane, and liquid nitrous ox- 
ide (NO). Catalysts of Friedel-Crafts 
type (AICI,, BF,) are used and tem- 
perature is between —90 and —70 C. 

Polymerization in a heterogenous 
system is effected in a medium in which 
neither the monomer nor the polymer 
is soluble. Methods in this category 
permit ready removal of heat and can 
lead to products of high purity and 
uniformity. Emulsion polymerization 
is achieved by the addition of an emul- 
sifying agent to the system. The pro- 
duct polymer is of extremely fine par- 
ticle size and is of the nature of a latex. 
Suspension polymerization leads to the 
formation of beads (1-5 mm diameter) 
and is brought about in the presence of 
only a small amount of emulsifying 
agent (or, at low monomer:dispersant 
medium ratios, none at all). In either 
case, agitation is provided, and a cata- 
lyst is employed. For isobutylene poly- 
merization, useful catalysts include 
AICI,, BF,, and some peroxides. 

The molecular weight of polymer 
may be raised by operating at low tem- 
peratures. This factor precludes the use 
of water as dispersing agent in the pro- 
duction of an acceptably isobutylene 
polymer. The suspension agent should 
have the following characteristics: (a) 
Freezing point below —70 C: (b) In- 
ertness to the polymerization catalyst; 
(c) Immisicibility with the monomer 
at the operating temperatures. These 
demands are satisfied by certain flourin- 
ated hydrocarbons, such as perfluoro- 
m-xylene. 

Isobutylene may be polymerized by 
itself, or it may be copolymerized with 
other monomers (isoprene, indene, 
butadiene, etc.) to yield polymers of 
widely ranging properties. 


Products of Alkylation Processes 

Ethyl Benzene. Ethylbenzene, the 
largest single outlet for benzene, is also 
a major consumer of ethylene. Ameri- 
ca’s 1953 output of 940,000,000 Ib 
accounted for the consumption of 256,- 
000,000 Ib ethylene, 12 per cent of the 
total output. 

Almost all ethylbenzene produced 
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serves as intermediate in styrene syn- 
thesis. Only a minor amount is divert- 
ed to other derivatives, among which 
acetophenone figures prominently. 

Equation (1) symbolizes the synthe- 
sis of ethylbenzene. 


+ C, H, Fe 0) C, H, 
ee a a a 

The reaction is most commonly car- 
ried out in the liquid phase in the pres- 
ence of aluminum chloride. An alter- 
native approach involves high-pressure 
alkylation over silica-alumina of phos- 
phoric acid-based catalysts. The latter 
method avoids corrosive potential and 
the cost of aluminum chloride replace- 
ment. Its disadvantages include, how- 
ever, not only the inherently higher 
cost of high-pressure plants, but also 
the unsuitability of the vapor-phase 
process for equilibration, i. e. the con- 
version of polyethylbenzene to ethyl 
benzene which will .be discussed below. 

Commercial processes for benzene 
ethylation in the liquid phase were de- 
veloped in the United States by Dow 
Chemical Company, Monsanto Chem- 
ical Company, and Carbon and Car- 
bide Chemicals Company, working in- 
dependently at first. Quite similar 
processes were arrived at by the 
various investigators except that Car- 
bide’s alkylation calls for the use of 
slightly elevated pressures. 

The reaction is carried out in con- 
tinuous flow. The liquid medium is the 
mixture of benzene and its various alky- 
lation products through which the cata- 
lyst (aluminum chloride-hydrocarbon 
complex) is dispersed. In order to op- 
erate at highest catalyst efficiency, the 
presence of a small amount of hydro- 
gen chloride is required. This promoter 
may be added as such or, more com- 
monly, in the form of ethyl chloride. 

The purity of ethylene to this proc- 
ess is not too critical, as long as acety- 
lene, higher olefins, and sulfur com- 
pounds are substantially absent. To 
achieve maximum throughput per unit 
converter space, ethylene concentra- 
tion above 94 per cent is desirable, but 
lower concentrations can be used. 

In order to supress polyethylben- 
zene formation, the use of a high ben- 
zene: Ethylene feed ratio is indicated. 
Since most of the polyalkylated mater- 
ial is recycled to the converter, the ratio 
is set by total number of benzene and 
ethylene groups introduced into system. 

The optimum operating ratio of ethy! 
groups to benzene rings has been found 
to be in the range 0.55 to 0.65. This is 
the ratio selected for commercial oper- 
ation. A typical reactor feed is thus 
made up of 1000-weight parts benzene, 


250 parts polyethyl benzene, and 160 
parts ethylene. 

In American practice, the converter 
is a vertical cylindrical tower, lined 
with acid. brick. Liquid height in the 
unit is maintained at 30 to 35 ft. All of 
the reactants are introduced to the bot. 
tom of the reactor, while aluminum 
chloride is fed through the top via a 
pipe that dips below liquid level. 

The system is operated slightly 
above atmospheric pressure and at tem- 
peratures between 90 to 100 C. A con. 
siderable portion of the exothermic 
heat of reaction can be removed by 
refluxing in overhead heat exchangers, 

The reaction product is withdrawn at 
the top of the reactor. Suspended cata- 
lyst complex is carried along with this 
stream and is separated from it in a 
settling box. Most of the catalyst so 
separated is returned to the converter, 
A small bleedstream is withdrawn from 
the system and may be discarded or 
forwarded to the high-temperature de- 
alkylation stage Operated for partial 
recovery of useful product from the 
heaviest alkylate fractions. 

The amount of fresh aluminum chlo- 
ride added continuously or intermitten- 
ly to the top of the reactor is gaged to 
balance the quantity of spent material 
lost with the bleedstream. Required 
catalyst make-up is in the range of 3 
per cent on the ethylbenzene produced. 

In proper operation, the off-gases 
from the reactor will be substantially 
devoid of unconverted ethylene. To 
assure complete recovery of vaporized 
benzene and ethylbenzene, that may 
have passed through the reflux conden- 
ser, the top gas is passed through a 
small absorber column in which the 
scrubbing medium is recycle polyalkyl 
benzene on its way to the reactor. 
Finally, residual HCL is removed by 
water scrubbing, sometimes preceded 
by a caustic wash. 

The liquid main product stream con- 
tains approximately 40 per cent ben- 
zene and a like amount of ethylben- 
zene. The balance is principally com- 
posed of polyalkyl benzenes. Before 
this mixture is subjected to fraction- 
ation, it must be carefully freed of con- 
tained acid by caustic washing. 

Overall benzene efficiency of liquid- 
phase alkylation is in the range of 94 to 
96 per cent of theory. Ethylbenzene 
yield, based on ethylene, is in the same 
range and has, indeed, been reported 
as high as 96 to 97 per cent. 


Vapor-phase ethylation of benzene 
finds more limited commercial appli- 
cation than the aluminum chloride- 
catalyzed liquid-phase process. It calls 
for elevated pressures (600 to 900 psi) 
and higher operating temperatures 
(325 C). The principal catalysts useful 
for vapor-phase alkylation are typified 
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by the system alumina-silica and by 
phosphoric acid on suitable carriers. 
Conversion is carried out in fixed-bed 
shell-and-tube reactors. 

Of importance is a process developed 
by Universal Oil Company’? by which 
ethylene is reacted with benzene in the 
presence of phosphoric acid on kiesel- 
guhr. In this reaction, 80 per cent con- 
version of ethylene can be attained in 
a single-pass operation at 325 C and 
600 psi (and at a benzene LHSV of 
2.0). At the same temperature and ben- 
zene throughput, a boost in pressure 
to 900 psi will raise the ethylene con- 
version to nearly 95 per cent. The use 
of the higher pressure has the disad- 
vantage of increasing cost of reactor 
construction and power requirements 
for ethylene compression. Advantages 
include greater throughput at a given 
temperature or, alternately, reduction 
in temperature with consequent in- 
crease in Catalyst life. 

At reaction conditions, the phos- 
phoric acid catalyst tends to be dehy- 
drated, with ensuing loss in activity. 
This phenomenon may be counteracted 
by the introduction of a small quantity 
of ethanol or water, together with the 
feedstock. 

In the vapor-phase process, also, the 
benezene: ethylene ratio in the feed af- 
fects the formation of polyalkyl ben- 
zenes significantly. These high-boilers 
cannot be recycled to the reactor as 
they would tend to deposit on the cata- 
lyst and thereby destroy its activity. In 
order that the formation of polyalkyl 
benzenes may be more completely sup- 
pressed, it is therefore necessary to 
choose higher benzene:ethylene ratios 
for vapor-phase catalysis than are re- 
quired in liquid-phase alkylation. 

Ipatieff'? has shown that, over UOP 
phosphoric acid catalyst, a benzene: 
ethylene mole ratio of 3:1 will result in 
an alkylate containing only 87 weight 
per cent monoethyl benzene. By boost- 
ing the ratio of reactants to 5.0, the 
ethylbenzene content of the (benzene- 
free) alkylate is raised to 93 per cent. It 
is evident that the use of the required 
high benzene:ethylene ratio imposes a 
severe burden on the primary (benzene 
distillation which is the first product 
purification step in any ethylbenzene 
process). 

This objection may be alleviated 
somewhat by multi-stage operation. In 
this version of the process, only a por- 
tion of the total ethylene is fed to the 
primary reactor, while the balance is 
added to the benzene-alkylate mixture 
on its way to succeeding stages. Such a 
system will maintain a high benzene: 
ethylene ratio at any point in the re- 
actors, while the overall feed ratio is 
kept low. 

This approach is made possible by 
the sluggishness of the dealkylation re- 


C-18 


action which prevents establishment of 
true equilibrium with polyalkyl ben- 
zenes in the course of passage through 
the reactor. Thus, Mattox'*® obtained, 
for a benzene:ethylene ratio of 6.0, an 
alkylate containing 96 wt per cent 
monoethyl benzene by executing the 
reaction in four stages. At otherwise 
the same conditions, alkylate obtained 
in single-stage processing contained 
only 85 per cent of desired product. 

Ethylbenzene recovery and purifica- 
tion schemes for either liquid- or vapor- 
phase alkylation take a similar pattern, 
except that in processes of the latter 
type the load on benzene recovery 
equipment is greater and amount of 
polyalkylate fed to stills is smaller. 

In substance, the product system 
calls for a benzene still and an ethyl- 
benzene still in series. In addition, 
liquid-phase alkylation processes re- 
quire a polyethyl benzene still to sepa- 
rate alkylate, which is suitable for re- 
cycle to the main converter, from heavy 
residues. Bottoms are finally processed 
in the high-temperature dealkylator. 

The separation of benzene from 
ethylbenzene is straightforward, oper- 
ating above all to remove benzene quite 
completely from the bottoms. The col- 
umn is run at substantially atmospheric 
pressure. Benzene columns vary in 
height from 20 to 50 actual plates, de- 
pending on the reflux ratio selected in 
design. In one instance the separation 
is carried out satisfactorily in a 45- 
plate column operated with a reflux 
ratio of 1.0. 

The overhead is dried azeotropically 
before it enters the feed benzene stor- 
age tanks. The bottoms have an ethyl- 
benzene content ranging from 65 per 
cent (for liquid-phase) to 90 per cent 
(for vapor-phase alkylation). The 
monoalkylate product is isolated as 
overhead in the ethylbenzene column. 
Again, operation is at near-atmospheric 
pressure. Typical column size (liquid- 
phase process) calls for 57-58 plates at 
a reflux ratio of 3:1. 

In liquid-phase alkylation plants, the 
bottoms from the ethylbenzene still are 
taken to the polyalkyl benzene column 
for the separation of recycle stock from 
the heaviest components. The opera- 
tion is carried out at 25-50 mm Hg abs. 
The heavy fraction recovered in this 
operation is joined by spent AICI.-hy- 
drocarbon complex and the mixture is 
treated in high-temperature dealkyla- 
tion at 200 C for the partial recovery 
of benzene and lower alkylates. 

Production of Cumene. Reaction of 
propylene with benzene,-analogous to 
the ethylation process, leads to the pre- 
dominant formation of cumene (i.e. 
isopropyl benzene). During World War 
II, this hydrocarbon found wide-spread 
use as a component of aviation gaso- 
lines. Of late, it has assumed outstand- 


ing importance to the petrochemical 
industries as intermediate in a newly 
developed process for simultaneous 
synthesis of acetone and phenol. The 
first commercial installation using this 
route to phenol was taken on stream in 
May, 1953 (by B. A. Shawinigan, Ltd.) 
and three more plants have since been 
taken into operation in the Western 
Hemisphere alone. Another, though 
less important, petrochemical deriva- 
tive of cumene is alpha-methy] styrene, 

As is true of ethylbenzene produc- 
tion, cumene may be synthesized in the 
liquid- or in the vapor-phase, but this 
is where much of the process similarity 
ends. Cumene production is facilitated 
by the greater reactivity of propylene 
compared to that of ethylene. Practic- 
able conversion can therefore be 
achieved at medium pressures (250-400 
psi) in the vapor-phase. Liquid-phase 
synthesis can be adequately catalyzed 
by sulfuric acid, thus rendering the 
problems of catalyst cost and handling, 
and of corrosion, less severe than in 
AICI,-catalysis. 

Liquid-phase propylation of benzene 
found only limited application when 
cumene production was in its heyday 
during World War II, but this process 
was the first to be revived when petro- 
chemical outlets were developed for 
cumene. The method differs from con- 
ventional sulfuric acid alkylation of 
paraffinic stocks principally in the use 
of lower acid strengths and higher op- 
erating temperatures. 

Benzene and propylene feed is mixed 
with 88 to 90 per cent sulfuric acid 
in a standard water-cooled alkylation 
unit provided with high (20:1) internal 
recirculation. As practiced by the Cura- 
caosche Petroleum Maatschapij'*, two 
reactors were employed in series, using 
split olefin feed. Benzene:propylene 
ratio in the charge to the two reactors is 
6.2 and 5.2, respectively. Residence 
time in the two units is 35 and 30 min- 
utes. Operating conditions are 165 psi 
(to maintain wholly liquid phase) and 
35-40 C. An acid:hydrocarbon volume 
ratio of 1.0 is employed. 

The reactor effluent is pumped to 
settlers where it is permitted to stratify. 
Most of the acid is returned to reaction 
phase, together with make-up acid. 

The organic phase is caustic-washed. 
It is then depropanized in a conven- 
tional stabilizer, operated at 200 psi. 
The propylene-free product is fed to a 
low-pressure benzene recycle column. 
Benzene, taken overhead, is rcycled to 
the conversion stage after azeotropic 
drying. The crude alkylate proper, i.e., 
the bottoms of the benzene recycle col- 
umn, is finally fractionated in a cumene 
column. 

Nearly complete propylene utiliza- 
tion is achieved in this process. Cumene 
content of the (benzene-free) alkylate 
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is about 95 per cent. Ten to 12 volumes 
crude alkylate are produced per vol- 
ume sulfuric acid consumed. 


Vapor-phase alkylation offers advan- 
tages of lesser corrosion, lower catalyst 
cost (per pound product) and greater 
operating ease. Because of these bene- 
fits and because operating pressure in 
vapor-phase cumene synthesis is mod- 
erate, this production method has 
found extensive application. 

The catalyst commonly employed is 
a form of the orthophosphoric acid- 
kieselguhr composition of Universal 
Oil Products Company, which is also 
effective in benzene ethylation. 

The process flow in cumene synthesis 
parallels closely the system employed 
for ethylbenzene production. Benzene 
(both make-up and recycle) is mixed 
with propylene and is fed via a heat 
exchanger to a fixed-bed catalytic re- 
actor, provided with suitable cooling 
facilities to handle the exothermic heat 
of alkylation. A small amount (less than 
0.1 per cent) of water (or isopropanol) 
must be introduced with the feedstream 
to prevent premature dehydration of 
the catalyst. Reactor make is cooled 
and depressurized to some 165 psi, 
which is operating pressure in the de- 
propanizer column. 

The heavy ends of this primary sepa- 
ration column enter the benzene re- 
cycle column. The alkylate recovered 
therein as bottoms product is finally 
fractionated into pure cumene product 
and heavy polyalkylated benzene. By- 
product di-isopropyl benzene may be 
recycled to the reactor, but the small 
benefit to yield, derived therefrom, is 
offset by reduced catalyst life and such 
recycling is therefore rarely practiced. 

Typical operating conditions in the 
alkylation stage are 250 psi, 270 C, 2.5 
LHSV (benzene), and a benzene:pro- 
pylene ration of 5:1 to 7:1. This allows 
per-pass propylene conversion slightly 
above 90 per cent. Cumene content of 
the (benzene-free) alkylate is about 90 
per cent. 

Production of Dodecyl Benzene. 
Dodecyl benzene is a raw material for 
alkyl aryl sulfonates, the most impor- 
tant single group of synthetic deter- 
gents. It is obtainable by the reaction of 
benzene with a straight-chain C, ,-frac- 
tion obtained either directly from a 
crude of the Pennsylvania or Michigan 
type or, more commonly, by the tetra- 
merization of propylene which has been 
outlines previously. (Part II of this 
series, section on polymerization proc- 
esses). 

Today, six U. S. companies are en- 
gaged in the manufacture of dodecyl 
benzene. The short production history 
has been characterized by extremely 
rapid growth. The 1953 output of 
dodecyl benzene was 297.3 million 


pounds, 91 million pounds above the 
preceding year. 

If the side chain of dodecyl benzene 
(or here, more properly, “keryl ben- 
zene”) is obtained from paraffinic pe- 
troleum stocks, it must first be chlori- 
nated before it may be condensed with 
benzene in the presence of aluminum 
chloride. This synthesis has been dis- 
cussed by the author elsewhere.*® 

Our interest here in confined to the 
production of dodecyl benzene from 
the tetramer of propylene which, in- 
cidentally, is the second-largest petro- 
chemical outlet for C,-hydrocarbons. 
Since here the alkylating chain is of 
olefinic character, direct reaction with 
benzene is possible in the presence of 
aluminum chloride, hydrogen fluoride, 
or sulfuric acid (other catalysts are also 
effective but have not been employed 
on a commercial scale in dodecyl ben- 
zene synthesis). 

The reaction system is much more 
complex than that encountered in ben- 
zene ethylation or isopropylation. The 
desired alkylation reaction must com- 
pete with fragmentation, polymeriza- 
tion, cyclization, and other side reac- 
tions undergone by the alkyl chain. 

Where aluminum chloride is used, a 
minimum catalyst concentration is ob- 
served for effective execution of the 
reaction but only little is gained by ex- 
ceeding this value beyond a reasonable 
margin of safety. AICI, is effective only 
in the presence of hydrogen chloride 
which may be introduced in the usual 
manner (either as gaseous HCl or, less 
advantageously, by addition of small 
amount of moisture to the system. 

In sulfuric acid catalysis, acid con- 
centration of 96.5 to 100 per cent is 
used; strengths below 94 per cent are 
ineffective. Quantity of sulfuric acid is 
critical. As the minimum critical value 
is exceeded, conversion of dodecene to 
heavy bottoms rises steadily. 

When anhydrous hydrogen fluoride 
is chosen as catalyst, it must be em- 
ployed in large amount; a typical molar 
ratio of HF to feed dodecene is of the 
order of 4:1. 

Regardless of catalyst employed, the 
controlling variables are operating tem- 
perature, and mole ratio of reactants. 
Effect of these variables has been ex- 
plored by Sharrah and Feighner?* who 
found that yield attains a near-as- 
symptotic maximum value at benzene: 
dodecene ratios of 8-10. 

As expected, the amount of heavy 
by-product declines with rising ben- 
zene:dodecene ratios up to this value. 
In aluminum chloride catalysis, bot- 
toms product formation passes through 
a maximum at reactants’ ratio between 
3 and 4, and declines rapidly below this 
value. This unexpected phenomenon is 
believed to be caused by catalyst in- 
activation at high dodecylene content 
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in the mixture. Ultimate yield may be 
bolstered by recycling some bottoms 
product to the reaction batch. Less 
favored, but also feasible, is the sepa- 
rate dealkylation of polydodecy! ben- 


* zenes by reaction with benzene in the 
- presence of aluminum chloride. 


For a given reaction time, an opti 
mum reaction temperature is observed 
Aluminum chloride catalysis calls fo! 
operation at not less than 30 C; decline 
in yield above this optimum tempera 
ture is only very gradual. HF- and 
H,SO,-catalyzed alkylation is carried 
out at 0-10 C. 

In practical operation, benzene:ole 
fin ratios below optimum yield value 
may be made preferable by overall eco 
nomic considerations. The alkylation 
reaction is carried out in glass-lined 
equipment since the presence of iron in 
the product has a deleterious effect on 
its usefulness in detergents synthesis 
Adequate cooling capacity must be 
provided to handle the exothermic heat 
of alkylation. 

The overall process for dodecy! syn 
thesis may be illustrated by the flow at 
a commercial plant where HF-catalysis 
is employed. Here, the olefinic stock is 
gradually added to a mixture of ben- 
zene and anhydrous hydrogen fluoride. 
The rate of addition is carefully con- 
trolled to maintain the temperature of 
the reaction system below 10 C. After: 
addition is complete, the reaction is 
permitted to continue at the same tem- 
perature level. Several hours are re- 
quired for the batch time. Hydrogen 
fluoride is finally removed from the 
system by stripping at atmospheric 
pressure, and is recycled. The hydro- 
carbon system is freed of unconverted 
benzene by topping and is thoroughly 
washed. Dodecyl benzene is finally re 
covered in purified form by vacuum 
distillation. Overall yield is in the range 
of 85 per cent of theory. 
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SIGNIFICANCE OF THE PRESENT TREND TO HIGHER OCTANES. 
It is a trend that predicts the future market demands 

for improved motor fuels to efficiently power higher 
compression automotive engines. 


New methods . . . new techniques . . . new concepts in 
/ refining processes and equipment —-all are necessary 
to adequately meet the refiner’s needs in enabling him 





to produce a higher octane gasoline most efficiently 
and economically. 


Cracking the octane barrier, Universal has provided 
Rexforming* —a process completely capable of 
solving the refining industry’s most immediate and 
long-range problem. 


In the final analysis, the refiner who can produce the 
products for which there is the greatest demand, 
and the marketer who can supply them will be building a 


sound economic position for the future. 


Don’t be left behind! Check 
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carefully . . . examine it in relation to your refining 





and marketing problems. Chances are that you will want 
to consider its immediate application to give you 
today’s and tomorrow’s octanes. 


UNIVERSAL 
OIL PRODUCTS 
COMPANY 


oP 30 ALGONQUIN ROAD, 
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DES PLAINES, ILL., U. S. A. 
Laboratories: RIVERSIDE, ILLINOIS 





Universal Service 


Protects Your /avedlmeat 


*Developed by the Pioneers of Platinum Catalyst Reforming 












THE PETROLEUM ENGINEER, June, 1955 To obtain more information on products advertised see Page E-43 C21 











Nt pe tree rere er ris Lots. CEBED terete ceican,., ot 


AE eA ct: tay eared x pat 
gee 7 ~ 
, 


' 
Pisces 3 Me # 
aor 3 Rest 


a 


a 


SF. 





é ae ee — . 
~ ~~ . ’ < w , asi om 200 OO 


ed 


PETROCHEMICALS 


a0 ed Wea 


FIG. 1. Canada’s only polythene plastic plant, the 


$14 million Edmonton unit uses natural gas of nearby 


Alberta fields 


P 793. 


anada only polythene 
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P OLYTHENE, one of the fastest 
growing products in the field of petro- 
chemicals, is produced by only one 
plant in Canada. A waxy white plastic 
in its natural state, polythene resembles 
a very tough paraffin wax in appear- 
ance. It is more familiarly known, how- 
ever, in the form of the “squeeze” bot- 
tle or the film from which transparent 
bags are made for packaging carrots, 
apples, and other food products. 

Canada’s only polythene plant, 
owned by Canadian Industries (1954) 
Limited, (C-I-L), is located four miles 
east of the center of Edmonton, Al- 
berta, on a 300-acre site in the heart 
of the oil refinery area. (Fig. 1.) 

The plant consists of six main groups 
of buildings, including one to house 
the administrative offices, one for the 
power house and cooling water sys- 
tem, an ethylene plant, a compressor 
and reactor building, a compounding 
and warehouse building, and a repair 
shop. 

The total cost of the plant upon com- 
pletion was $14,000,000 for an initial 
rated capacity of about 12,000,000 Ib 
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of polythene resin per year. The pres- 
ent design capacity of the plant is 25,- 
000,000 Ib per year, which will take 
care of Canada’s increasing demand 
for the next few years. The plant em- 
ploys more than 200 people, most of 
whom are highly skilled. At full pro- 
duction, the process uses daily ap- 
proximately 10,000,000 cu ft of nat- 
ural gas, 8,000,000 gal of water, and 
35,000 kw of electricity. 

The product of the plant, polyethyl- 
ene or polythene, is a high molecular 
weight thermoplastic resin formed by 
the polymerization of ethylene at high 
pressures. 


Pyrolysis of Ethane Process 

The ethylene used in this polymeri- 
zation reaction is produced by the gas 
phase pyrolsis of ethane in a unit de- 
signed by the Lummus Company. A 
simplified flow sheet of this process is 
shown. (Fig. 2.) 

The raw material for this unit con- 
sists of a “dry” residue gas from the 
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Devon Conservation Plant of Imperial 
Oil Limited consisting of approximate- 
ly 75 per cent methane, 20 per cent 
ethane, and 5 per cent propane. This 
gas was formerly delivered directly to 
the City of Edmonton, but owing to 
its high heating valve, had to be diluted 
before distribution to the consumers. 
Now a portion of this stream enters 
the C-I-L plant where most of the 
ethane is extracted in the fresh feed 
absorber. The off-gas from this ab- 
sorber plus gas from other sections of 
the unit are blended to the correct heat- 
ing value for consumer use; some of 
this mixed gas is used as fuel in the 
plant and the remainder is fed back 
into Northwestern Utilities’ distribu- 
tion main. 

In the fresh feed absorber the feed 
gas is passed upward through bubble 
decks countercurrently to a flow of lean 
oil. The operating conditions in the 
tower are controlled in such a way that 
the lean oil, consisting predominantly 
of hexanes and heptanes, absorbs most 
of the ethane but very little methane. 

The rich oil so obtained is drawn 
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plant 


from the bottom of the tower and fed 
together with additional lean oil to the 
heater effluent absorber where the 
ethane and ethylene from the cracking 
heater effluent gas stream is absorbed. 
It is in the cracking heaters that the 
basic chemical reaction of the ethylene 
plant takes place. This reaction is the 
high temperature, 1500 F, gas phase 
dehydrogenation of ethane to ethylene 
utilizing a feed stream containing ap- 
proximately 92 per cent ethane, 8 per 
cent propane. : 

The residence time of the gas in the 
alloy steel tubes at this high tempera- 
ture is very critical. If this contact time 
is too long, ethylene formed in the ini- 
tial reaction will polymerize to higher 
hydrocarbons, which in’ turn will de- 
compose to carbon and hydrogen. For 
this reason, the effluent gas stream from 
the heater is quenched by a direct water 
spray after the optimum contact time is 
achieved. This procedure leaves about 
50 per cent of the ethane unconverted, 
which together with the newly-formed 
ethylene is recovered in the heater 
effluent absorber. 


Acetylene to Ethylene 

Before this gas stream is fed to the 
absorber, any acetylene that might have 
been formed in the cracking heaters is 
removed. If the acetylene were not re- 
moved at this stage, it: would remain as- 
sociated with ethylene through the dis- 
tillation section and hence appear in 
the final product. The removal is ac- 
complished in a Girdler unit where, in 
the presence of a suitable catalyst and 
at the correct temperature and pres- 
sure, selective hydrogenation of acety- 
lene occurs, yielding ethylene. The hy- 
drogen needed for this reaction is al- 
ready present in the gas stream from 
the dehydrogenation of ethane in the 
cracking heaters. 

In the heater effluent absorber, gases 
from the cracking heaters flowing up- 
ward meet a downward flow of hydro- 
carbons consisting of the rich oil from 
the bottom of the fresh feed absorber 
and additional quantity of fresh lean 
oil. The methane and hydrogen from 
the heater effluent leave the top of the 
tower while the rich oil leaving the bot- 
tom contains all the ethane and ethyl- 
ene absorbed in the heater effluent ab- 
sorber plus the ethane absorbed in the 
fresh feed absorber. This bottom stream 
then passes to the deethanizer tower 
where the ethylene and ethane are strip- 
ped out of the rich oil and pass over- 
head whereas the now lean oil is taken 
off the bottom and is eventually re- 
cycled back to the two absorber towers. 
The overheads from the deethanizer 
pass forward to the demethanizer 
where any methane is_ removed. 
The bottom stream from this tower, 
consisting of ethane, ethylene, and a 
small percentage of propane, is fed to 
the final fractionation stage where an 
almost complete separation of the 
ethylene from the ethane and propane 
is achieved. The overhead from the 
fractionating tower, almost pure ethyl- 
ene, is stored as a liquid whereas the 
bottoms constitute the feed to the 
cracking heaters (Fig. 3). 





Before being used by the polythene 
production unit, the ethylene is vapor- 
ized from storage, scrubbed to remove 
any carbon dioxide, and finally is dried 
thoroughly. This final ethylene product 
stream is at a pressure of 550 psi and 
has a purity of approximately 99.85 
per cent. 

Extensive use is made of heat ex 
change equipment in the ethylene plant 
in order to exercise the necessary econ- 
omy in the heating and cooling phases 
of the process. This is important be- 
cause of the widely divergent tempera- 
tures encountered in the unit, and, gen- 
erally, the heat exchangers employed 
are of the shell-and-tube design. To 
cope with the basic cooling needs of the 
plant, a large circulating cooling water 
system is in operation, but in certain 
parts of the process lower temperature 
cooling is required. For this purpose a 
refrigeration unit rated at 900 tons is 
included, utilizing a four-stage cen 
trifugal compressor. 

Large gas engine-driven compres 
sors raise the gas pressure to the re 
quired levels. Two of these compres 
sors are used in the liquefaction of the 
product ethylene for storage. In this 
heat pump and heat exchange system, 
ethylene from the fractionator over 
head at 260 psi is compressed to 550 
psi and cooled to lose the heat of com 
pression. It then passes through the 
tube side of the reboiler on the ethylene 
fractionator column and condenses at 
25 F giving off its latent heat to vapor 
ize the ethane at 18 F on the shell side 
Hence this exchanger acts as a con 
denser for the ethylene and a reboile: 
for the ethane. The resulting liquid 
ethylene is then piped to storage and 
the ethane vapor is returned to the base 
of the tower. By storing the ethylene at 
550 psi, a temperature of 25 F must be 
maintained, whereas if 260 psi were 
used as the storage pressure a much 
lower temperature (minus 23 F) would 
be required to keep the ethylene in the 
liquid state. 
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Some special problems are encount- 
ered in this unit because of the geo- 
graphical location of the plant. With 
the low ambient temperatures that pre- 
vail in this area during the winter 
months, special care must be taken to 
insure a continuous supply of very low 
dew point instrument air. Extensive use 
of steam tracing is also needed around 
the base of water knockout drums, in- 
strument transmitters, field-mounted 
instruments, etc., which are located in 
the outside area. Any water or steam 
lines that are subject to intermittent 
service must also be continuously 
purged to prohibit freeze-ups. As the 
boiling point of ethylene at 550 psi is 
25 F, some difficulty has been encount- 
tered with liquefaction of the ethylene 
gas in product lines during low through- 
puts. 

Details of the polymerization proc- 
ess for producing polythene from ethyl- 
ene remain confidential. It can be said, 
however, that ethylene is compressed 
to a pressure in excess of 20,000 psi 
and fed to a reaction vessel where, in 
the presence of a suitable catalyst such 
as Oxygen or some other suitable rea- 
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gent for releasing free radicals, a highly 
exothermic polymerization takes place. 
The polythene formed is bled off con- 
tinuously as a viscous, water-white 
liquid still above its melting point. Un- 
reacted gas is separated from this 
liquid and recycled through the sys- 
tem (Fig. 4). 

The liquid polythene is then extruded 
through a nozzle in the form of a rib- 
bon, which on cooling is fed to a dicing 
machine where it is cut into one-eighth 
inch cubes. The cubes are then carried 
into 30-ton silos for blending and 
storage. From the silos the finished 
resin is packed in 50-lb capacity poly- 
thene-lined multi-wall paper bags ready 
for shipment (Fig. 5). 

Equipment is also installed for com- 
pounding polythene resin with anti- 
oxidants, pigments, and other additives 
by milling in a Banbury mixer. The 
batches from the mixer are dropped 
into steam-heated hold-up rolls where 
the milled material is taken off in the 
form of a continuous ribbon, which 
once more is cooled and fed to a dicing 
machine before packing in 50-lb bags 
for shipment. 


Automatic Controls 


Extensive use is made of automatic 
instrument control of operations 
throughout the process to help insure 
that the product will conform to rig- 
orous quality specifications. The re 
action temperature and pressure must 
be controlled very carefully, to provide 
maximum operating efficiency and uni- 
formity of the polymer (Fig. 6). In 
addition, close surveillance is main- 
tained by the plant’s laboratory where 
samples taken at successive stages 
of the process are tested. Comprehen- 
sive physical property measurements 
are also made on every lot of finished 
product prior to shipment. As an ad- 
ditional check, the plant also includes 
a special product evaluation and de- 
velopment laboratory equipped to 
carry out all the typical extrusion 
and moulding operations normally 
employed by customers in process 
ing polythene into finished articles. 
This laboratory serves not only in 
checking the performance of the cul- 
rent product for customer end-uses, but 
also in the development of improved 
grades of product for existing and 
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within the shadows of the ancient 


Roman Forum an unusual type of diplomacy is at work. 


Meeting at the Fourth World Petroleum Congress, 
representatives from many countries have assembled in Rome 
to discuss mutual problems and to survey the latest’ 
developments in the science of petroleum. By this means, 
the free exchange of ideas and experiences is 

facilitated among men who are drawn together by the 
universal desire for progress and success. 

And success will be theirs . . . success that will be 
measured in far greater terms than in the advancement 
of an industry. For, with their unhampered search for 
new ideas every member of the Congress 

becomes a statesman for the free world... 


statesmen of technology ... and truth. 


PROCON Fersnace’ 


1111 MT. PROSPECT ROAD, DES PLAINES, ILLINOIS 


PROCON (CANADA) LIMITED—40 ADVANCE ROAD, TORONTO 
PROCON (GREAT BRITAIN) LIMITED—112 STRAND, LONDON 


WORLD-WIDE CONSTRUCTION FOR THE PETROLEUM, 
PETROCHEMICAL, AND CHEMICAL INDUSTRIES 
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newly developed applications. Such 
work at the plant is backed by a group 
of chemists and physicists in the com- 
pany’s central research laboratory, 
working on the more purely scientific 
problems associated with understand- 
ing and thence improving still further 
properties and processing characteris- 
tics of polythene (Fig. 7). 


Genesis of Polythene 

At this point it may be of interest io 
review briefly the history of the de- 
velopment of polythene from its dis- 
covery up to and including the decision 
to produce it in Canada. 

Polythene was discovered in 1933 in 
the research laboratories of Imperial 
Chemical Industries in England, as a 
chance by-product from an attempt to 
synthesize phenyl-ethyl-ketone from 
benzaldehyde and ethylene. The earliest 
market application survey suggested 
that this material would make a better 
insulator for submarine telephone ca- 
bles than the gutta percha then in use. 
On the strength of this, a pilot plant 
was brought into operation in 1937. 
The first commercial plant was placed 
in operation by Imperial Chemical In- 
dustries in England in September, 1939. 

From then until the end of the sec- 
ond World War all production of poly- 
thene was directed toward military ap- 
plications, notably for high frequency 
electrical insulation in radar systems. 

In 1943 two different companies be- 
gan production of polythene in the 
United States, both financed by the 
United States Government, and there, 
likewise, the output was confined to 
essential wartime needs. Since 1945, a 
great variety of uses have been devel- 
oped for the product, leading to a steep 
rise in world consumption from some 
2500 short tones at the end of the sec- 
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FIG. 3. Tall ethylene distillation towers separate ethylene 
from other light hydrocarbons prior to polymerization. 


ond World War to approximately 100,- 
000 tons in 1953. Of this figure, well 
over half was made in the United 
States. By 1956 the demand in the U.S. 
alone is expected to reach about 250,- 
000 tons per year. 

In Canada, prior to the construction 
of a plant, all requirements were met 
by imports from the U.S. and the U.K. 
much of it being distributed by C-I-L. 
As the Canadian demands increased, 
preliminary studies were undertaken to 
explore the possibility of domestic 
manufacture. 

The process of polymerizing ethylene 
to polythene uses pressures in excess of 
20,000 psi—higher than those known 
to be used in any other commercial op- 
eration. This imposes the need for very 
special large compressors_and for the 
use of expensive alloy steels made to 
meet exacting standards. The capital 
cost of such a plant is high and de- 
preciation, particularly for a small 
plant, becomes the highest individual 
cost item. Ethylene cost is also a major 
item since it constitutes virtually the 
only raw material. The cost of its manu- 
facture is even more markedly affected 
by the size of the plant. Hence the mini- 
mum capacity for the economic pro- 
duction of polythene is high and pro- 
duction in Canada could not be justi- 
fied until sufficient market had devel- 
oped. 

During 1950 and 1951, market esti- 
mates by C-I-L indicated that the total 
Canadian demand would approach the 
minimum economic level by 1954. In 
December 1951, after a very detailed 
study of capital and operating costs, 
the decision was made to construct the 
Edmonton Works. 

The most important factor in select- 
ing the location for the plant was the 
availability of an ample and inexpen- 


FIG. 4. 20,000 psi plus pressure of polymerization proc- 
ess demands 15-ft thick concrete walls for protection. 











sive supply of a suitable hydrocarbon 
feed stock as basic raw material for 
the production of intermediate ethy- 
lene. This source also, if possible, 
should be close to the polythene mar- 
kei, which of course, is largely in east- 
ern Canada. In investigating the waste 
hydrocarbon gases from the large re- 
fineries at Sarnia and Montreal, it was 
found that they were already com- 
mitted or not expected to be available 
in quantities sufficient to allow for fu- 
ture plant expansion. For this reason, 
investigations turned to western Can- 
ada where natural gas is available 
cheaply in almost inexhaustible 
amounts. 

As ethane is the most favorable raw 
material, it was desirable to choose a 
feed stream with the highest possible 
ethane content. Such a stream was 
found available from the Imperial Oil 
Company’s gas conservation plant at 
Devon, Alberta. At this plant, the off- 
gases from the crude oil wells of the 
Leduc-Woodbend oil field are proc- 
essed to remove heavy hydrocarbon bu- 
tanes and propanes, leaving a residue 
gas consisting primarily of methane 
and ethane. With this source, the 
company could be assured of virtually 
unlimited ethylene capacity at a saving 
great enough to offset the heavy freight 
charge incurred in sending polythene 
by rail from Edmonton to the principal 
markets in eastern Canada. 

Finally it might be well to discuss 
the commercially important properties 
of polythene and some of its main ap- 
plications. The term polythene (or poly- 
ethylene) covers not one, but a whole 
family of polymers consisting of large 
essentially saturated hydrocarbon 
chains, the length of which may be 
varied to yield polymers of different 
molecular weights. Most of the present- 
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day uses, however, are confined to a 
relatively narrow group of polymers, 
of average molecular weight in the re- 
gion of 20,000-40,000, depending on 
the way it is measured. 

Polythene is tasteless, odorless, and 
non-toxic and is the lightest solid plas- 
tic, being the only one with a density 
less than that of water. It is character- 
ized by outstandingly good dielectric 
properties, especially at high frequency; 
in fact, during the second World War 
polythene made airborne radar pos- 
sible. 

Polythene has a high impact 
strength, and good shock resistance, but 
is flexible even at sub-zero tempera- 
tures. It exhibits excellent resistance 
to strong acids and alkalis and is not 
dissolved by any solvent at room tem- 
peratures. There are certain limitations 
however, in the use of polythene with- 
out additives that should be mentioned. 

A major one is the deterioration in 
the properties caused by oxidation 
through thermal or sunlight effects. The 
problem of thermal oxidation has been 
overcome largely through the addition 
of small amounts of specially devel- 
oped anti-oxidants while the sunlight 
problem has been met satisfactorily by 
the addition of 2 per cent fine particle 
channel black, which acts as an effec- 
tive light screen when well dispersed in 
polythene. 

Another limitation is the suscepti- 
bility of polythene to “environmental 
cracking.” Cracking may occur when 
polythene is biaxially stressed in con- 
tact with certain organic polar liquids 
(e.g., alcohols, aldehydes, ketones, 
acids, esters) or aqueous solutions of 
alkalis or surface-active agents, even 
though these compounds normally do 
not react with polythene. 

The probability of environmental 
cracking occurring with polythene 
from a given source decreases with in- 
creased molecular weight so that this 
problem can be minimized by the care- 
ful selection of the proper grade. 

A third major limitation of poly- 
thene is its relatively low upper operat- 
ing temperature. It must be noted, how- 
ever, that although polythene loses 
many of its useful properties at ele- 
vated temperatures, it will hold its form 
up to within a few degrees of its melt- 
ing point when subjected only to low 
loads. 


End-Use of Polythene 

The uses of polythene can be broken 
down into four major categories: 

(1) Consumer goods, 

(2) Industrial goods, 

(3) Packaging, and 

(4) Electrical applications. 

In the field of consumer goods, poly- 
thene is used either naturally or com- 
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FIG. 5. In Banbury mix- 
er polythene resin is 
compounded with anti- 
oxidants, pigments, 
and additives and 
dropped on steam- 
heated rolls 


FIG. 6. Graphic panel 
illustrates the latest in 
automation. A twist of 
a knob on board estab- 
lishes or realigns oper- 
ating conditions 


FIG. 7. Control labora- 
tory at CIL plant checks 
products at each step 
from raw material to 
finished plastic 


pounded in the manufacture of pipe. 
The bulk of the pipe is used for cold 
water distribution in private rural water 
systems, but some is used in mines and 
other industrial applications. Also in 
the consumer field a wide assortment of 
houseware, kitchenware, and toys are 
produced from polythene, including 
such items as canister sets, refrigerator 
bowls, tumblers, wash basins, toy cars, 
trucks, etc. 

In the industrial goods field poly- 
thene is used to produce various belt- 
ings, strippings, custom mouldings, and 
extrusions. 

In packaging applications, polythene 
is used to produce film, squeeze bottles, 





various moulded containers, closures of 
all types and sizes, coated papers, pa 
perboards and foils, laminates, and as 
a component in various wax blends 
that, in turn, are used to coat papers 
such as breadwrap. 


The electrical applications could 
have been included in the industrial 
goods field but they are of sufficient 
importance to be considered separately 
Polythene is used as a dielectric and 
sheathing in various types of wire and 
cable, including high frequency coaxial 
cables, army field wire, TV lead-in 
wire, drop wire, weatherproof line wire, 
submarine cable, and various telephone 
cables. kk * 
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FIG. 3003 FE—Steel 
Gate Valve For 300 
Pounds W.S.P. 





erformance- 


FIG. 1561—150-Pound 
Steel Swing Check Valve. 





FIG. 6003 SS (Sectional)— 
Alloy Steel Gate Valve 
For 600 Pounds W.S.P. 


"IG. 1559—150-Pound 
iteel Lubricated 
"lug Valve. 


You can depend on outstanding performance quality features—features that can save you 
from every valve made by The Wm. Powell money and give you lasting flow control. 
Company, for Powell Valves have a proven Consult your Powell Valve distributor. If 
record of long life and dependable service. none is near you, we'll be pleased to tell you 
And Powell Valves give you better value! about our COMPLETE quality line, and help 
They’re precision made and incorporate many solve any flow control problem you may have. 


th 
The Wm. Powell Company, Cincinnati 22, Ohio... .. 109 year 
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Ma FIG. 1. Full view of dissolved-air flotation 
separator that handles peaks of 500 gpm efflu- 
ent flow and reduces pollutents to 10 ppm at 


Leonard Refineries 


Refinery Waste 


 & Fiske and Paul Mernitz 


Leonard Refineries, Inc. 
Alma, Michigan 


Art ER a thorough investigation, the 
management of Leonard Refineries, 
Inc., in Alma, Michigan, decided to 
add to its facilities for waste water 
clarification. Average effluent flow of 
180/200 gpm, with peaks near 400 
gpm, made it impossible any longer to 
hold the oil content of the water below 
80 ppm at the trap outiet. Further 
clarification with hay dams and manual 
skimming was of doubtful and erratic 
efficiency and quite costly. 

Of the various commercial separa- 
tors that were offered, the dissolved- 
air flotation process for further reduc- 
ing the oil and grease content looked 
most attractive for three reasons. First, 
the installation could be a compact 
package unit, offering good clarification 
with only about 18 minutes retention 
time at full flow. Second, although alum 
or other chemical feed was to be used 
for the best oil reduction, it was 
claimed that the dissolved-air flotation 
principle could still yield a substan- 
tially better effluent water even should 
the chemical feed system fail. Third, 
there was an excellent chance that the 
separated oily skimmings could be kept 
to volumes that would not require any 
dewatering system for sludge disposal. 
As the proposed air-flotation unit was 
competitive with sedimentation clarifi- 
ers at the same throughput rate, this last 
consideration meant that the capital in- 
vestment might be held to a minimum 
(Fig. 1). 
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By, FIG. 2. Unit showing 190 sq ft area of 
retention tank and 4 of the 9 flight-scrapers that 
skim oily froth rising to top of 6750 gal capacity 
flotation tank 


Water Cleaned 


y Flotation 


400 gpm effluent of high oil content reduced to 


10 ppm in 500 gpm dissolved air separator 


Accordingly, a 500 gpm dissolved- 
air flotation separator* was brought on- 
stream at Leonard on July 11, 1954. It 
has been operating continuously since 
that time, handling varying composi- 
tions of waste water at 150 to 500 gpm 
flow, and yielding relatively clear spark- 
ling water of below 10 ppm oil and 
grease at an alum feed rate of 65 ppm. 


Operation of Separator 

The unit is installed downstream of 
the existing API trap, which it supple- 
ments rather than replaces. It picks up 
the water and pumps it into a 2-3 min- 
ute retention tank in which it is satu- 
rated with dissolved air at 25-35 psig. 





*“Colloidair,’’ manufactured by Bulkley, Dun- 
ton Processes, Inc., of New York. 





Chemical feed, if used, is continuously 
proportioned to the waste flow and 
solution-injected on the pressure side 

Passing from the retention tank 
through a pressure release valve, the 
water enters the inlet end of the flota 
tation tank where countless colloidal 
air bubbles come out of the solution 
These adhere to the oily particles to 
sweep them to the surface. Chemical 
floc-formers aid in this operation by 
forming a structure that effectively 
holds the air in an oil-bearing froth 

Moving from the inlet end, the wa 
ter flows over a submerged weil 
through a relatively non-turbulent flo 
tation chamber of 190 sq ft area (in the 
500 gpm size) and 6750-gal capacity, 
from which nine flight-scrapers on an 
endless chain skim the oily froth ove 
another sludge-recovery apron weil 
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(Fig. 2). Clarified water is continuously 
withdrawn from a series of four trans- 
verse collecting pipes near the bottom. 
The withdrawal tubes make a right- 
angle turn upward through the clari- 
fied-water collecting basin, and are ad- 
justable in vertical rise to permit level 
control of the flotation chamber. Dis- 
charge from the clarified water collect- 
ing basin is over a flow-measuring weir, 
from which the water goes to outfall, 
recycle or further treatment. 

The main pump in this system is 
rated at 500 gpm at 90-ft head, and 
must take flooded suction at all times. 
In order to provide for variable flow 
of waste into the system, the suction 
pit is automatically maintained at con- 
stant level above the pump inlet by re- 
cycling some of the water. The recycle 
rate is controlled by a pneumatic valve 
actuated from the liquid level float in 
the suction pit. For gross overload ex- 
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FIG. 3. Main 500 gpm at 90 ft head pump 
takes flooded suction at all times by means 
of automatically maintained level above 
inlet through recycling of some water 


FIG. 4. Endless belt moves flight-scrapers; 
edged with a 6 in. neoprene sheet, they 
sweep the 20 ft flotation chamber at 16 
in. per minute. Retention time is under 40 
minutes at an average flow of 180 gpm 


dead 


a 


ceeding 500 gpm, such as might eventu- 
ate from very high ground water run- 
ofi, a short-circuiting overflow is pro- 
vided in the suction pit itself well above 
its normally maintained level (Fig 3). 


Adjustment to Maximum 
Efficiency 

After completion of a shakedown 
run in the presence of the vendor’s en- 
gineer, the better part of a month was 
spent by Leonard personnel in deter- 
mining water characteristics at varying 
rates of chemical feed, air pressure, 
scraper-flight speed, and flotation tank 
levels. 

The criteria were: (1) Acceptable oil 
and grease removal (less than 10 ppm), 
(2) minimum practicable sludge vol- 
ume, and (3) most economical chem- 
ical feed rates. After each variation, a 
day or two was allowed to attain steady 
State conditions. 





The best balance of these conditions 
bearing directly on residual floatable 
oil and grease were found to be as 
follows: 

1. Alum feed, from a one pound 
per gallon solution, about 60 ppm. In 
general, the pH averaged about 83 
with swings to 6.5 and 9.7. Alum in 
excess of 60 ppm offered no advantage, 
just adding to the cost and to the vol- 
ume of the recovered sludge. Above 
pH 9, alum floc tended to peptize; ice., 
the floc particles fell out and appeared 
in a non-coagulated form in the clari- 
fied effluent. The result was “black 
water.” The violent pH swings were 
quickly traced to caustic neutralizer 
plant dumps and to boiler house 
softener wastes, both non-oily streams 
that have been since piped directly to 
waste. Although 60 ppm of alum may 
not be the absolute minimum, it is felt 
that the chemical cost of $3.34 per 
day for treating 260,000 gal of water 
is not excessive, and will provide a good 
margin of safety, as emulsified oil is 
occasionally a factor. 

2. Scraper-flight speed. Best results 
have been had with the minimum 
lineal speed of 16 in. per min. At the 
average flow of 181 gpm, average re- 
tention time is 37.5 min. As the skim- 
ming basin (flotation chamber) is 20 
ft long, the minimum flight speed is 15 
min per traverse. It is felt that such 
a relation offers least chance of tur- 
bulence at the skimmed layer. The 
danger of increased fallout of floc into 
the effluent at the downstream end has 
not materialized. 

3. Design air pressure of 25-35 psig 
has been maintained. During times of 
lower-than-average throughput, a rel- 
atively large proportion of water re- 
cycles to the suction pit to maintain 
flooded suction. Under these condi- 
tions, a pressure drop of up to 20-30 
per cent is experienced in the retention 
tank, which means that less air is dis- 
solved in the raw water. As less water 
with its load of oil is being processed 
at such times, however, the net effect 
is to maintain adequate flotation. 

The best retention tank level was 
found to be one at which the oily sludge 
was concentrated to approximately 2 
per cent of oil. This adjustment is a 
rather coarse one, made by adjusting 
the length of the clarified-water riser 
pipes. Attempts to concentrate the 
sludge further by lowering the flotation 
tank level led to increased fallout of 
oil-bearing flocculant because it was 
being skimmed inefficiently. 


Design Difficulties 


Little trouble has been encountered 
in a mechanical sense, all of a minor 
nature. The neoprene scraper blades 
have lost much of their strength by con- 
tinued contact with oily water, and 
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have swollen and corrugated badly in 
the three month’s time. An experi- 
mental Saran formulation has been ob- 
tained and was recently installed on 
one of the flights. Its performance, 
while satisfactory for one month, can- 
not yet be judged in comparison to the 
neoprene. Minor alignment difficulties 
have occasionally caused the flight 
scrapers to untrack over idler cogs. 


Floatable Oil Removal 


The analytical method used in re- 
porting oil and grease contents was de- 
veloped by Pomeroy! for floatable oil 
and grease. This method minimizes 
sampling difficulties, avoids the errors 
caused by significant solubility of in- 
organic salts in the direct ether ex- 
traction method, and is well adapted 
for routine testing. It is necessary, how- 
ever, to acidify the grab samples before 
allowing flotation. The Noll? method 
was discarded when it was found that 
addition of FeCl, solution, preparatory 
to producing Fe(OH), floc in situ, oxi- 
dized sulfide ion to sulfur, which 
showed up in the ether extract of the 
floc-fixed oil. 

Over a 2-week period of test, the wa- 
ter characteristics summarized in Table 
I was found, with extremes as indicated. 
Each instance of residual grease and 


bien a. nine waste water characteristics — 2 wails test run. 





Effect On Other Properties of Water 
Hopes were entertained that the in- 
timate contact of the waste water with 
oxygen, such as this system employs, 
would substantially clean up the water 
with respect to phenol, sulfide, and 
BOD. Aside from the obvious improve- 
ment in BOD made by removal of or- 
ganic oily materials, that hope has not 
been realized. If biological oxidation of 
such contaminants was indicated be- 
fore oil and grease removal, it will be 
no less necessary after, in the experi- 
ence of Leonard. However, the prior 
reduction of oil and grease concentra- 
tion is a definite forward step in the 
successful operation of trickle filtra- 
tion, which many refineries will find 
necessary for phenol removal. 

No analytical data on removal of 
non-oily solids has been reported; how- 
ever, the clarified water samples taken 
have invariably been clear and spark- 
ling, with no visual evidence of heavy 
sediments going to outfall. 

Sludge Disposal. At the present 
throughput rate, Leonard is recovering 
some 30-40 gpd of oil and grease, 
whose bulk is augmented in the re- 
covered sludge tank by flocculant and 
temporarily entrained air. Total waste 
in this tank amounts to some 80-100 
bbl per day, which is, of course, a more 











“Colloidair” Influent water 





Property Minimum 
Rate of flow, gpm.............. Pe 110 
Floatable oil and grease, ppm.......... 28 
Water temperature, deg F!........... ; — 
TE nee 40 
RR CR Ae ee eee 5.72 
Specific conductance, MHoS............. 1050 





! Period in Mid-July. 


? Related to caustic neutralizer or softener system dump. 


oil over 10 ppm was found to be as- 
sociated directly with improper pH 
conditions, usually a caustic neutral- 
izer plant dump. With the diversion 
of this non-oily stream it is felt that oil- 
removal and clarification yields com- 
pletely acceptable water, well within 
the limit of oil contamination set up by 
state authorities. 


1“Floatability of, Oil and Grease in Waste 
Waters,” by Richard Pomeroy, Sewage and In- 
dustrial Wastes, Vol. 25, No. 11, 1304-7, Novem- 
ber, 1953. 

°““Fixing and Determining Oil in Feed Water 
and Boiler Water,’ C. A. Noll, and W. J. Tom- 
linson, Ind. Eng. Chem. Anal. Ed., Vol. 15, pp 
629-632, October 1943. 





Average 


“Colloidair” Effluent water 





Maximum  Mimionem Average Maximem 
181 F 412 -—_—__——— Same — —— 
86 573 2.2 4.0 36 
_ — 103 115 125 
281 1,710 18 208 406 
8.4 9.7? §.72 8.3 9.72 
2115 10,000? 1200 2200 8000? 
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HIGH PRESSURE GASKET 
All sizes to fit your gages 
ERNST WATER COLUMN & GAGE CO. 
Send for Catalog LIVINGSTON, N. a 
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dilute concentration than the 2 per cent 
of oil cited above. The difference was 
believed to be due to temporary surges 
of high levels, for which the unit does 
not compensate. This volume has been 
pumped off to ponding areas for dis- 
posal where it has offered no problem. 
It has been more automatic, using a 
float controlled 3-hp rotary pump. 

Investment and operating costs. The 
500 gpm unit installed at Leonard was 
purchased for about $23,100 including 
the sludge transfer pump, fir chemical 
tank, and chemical feed system. Addi- 
tional piping, concrete pads and dry- 
well, and other materials brought the 
total material cost to about $26,550. 
Installation labor was about $2,425, to 
a total of nearly $29,000. 

Power costs are about $5 per day for 
the four pumps required. Chemical 
feed (alum) costs about $3.34 per 24- 
hr day, or $0.0128 per 1000 gal. Main- 
tenance, alum solution makeup, and 
miscellaneous attention amounts to 
about 11% hr or $3 per 8-hr day. * * 


To obtain more information on products advertised see Page E-43 








With NEW 


JERGUSON 
VALVES 


For Instrument Piping 
and General Use 


OU can make tremendous time 
and cost savings with this com- 
plete new line of Jerguson Valves 
for Instrument Piping and General 





Use. 


Threaded connections are reduced 
from 10 to 3, for these valves com- 
bine unions, nipples, reducers, el- 
bows, tees, valve, and drain valve 
in one space saving unit. One valve 
replaces the multiple set-up of valves 
and connections formerly used. 


Nine different styles with or 
without union outlet, as well as off- 
set and jacketed valves. 


Features available include safety 
shut-off; double-seating stem for re- 
| packing under pressure; regular or 
quick-closing stem and lever; re- 
grindable and renewable seats; 
pressure bleeder valve and test gage 
connection ; outside screw and yoke 
when desired ; throttling stem when 
desired. 







Write for full details 
today. Ask for Data 
Unit on General Use 
Valves. 





Gages and Valves for the 

Observation of Liquids and Levels 

JERGUSON GAGE & VALVE COMPANY 

100 Fellsway, Somerville 45, Mass. 
Offices in Major Cities 


Jerguson Tress Gage & Valve Co., Ltd., London, Eng. 
P&trole Service, Paris, France 
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Operation of Plant-Scale Installations’ 
DEMONSTRATES BENEFITS OF 
ELECTRONIC PROCESS CONTROL 


om 


‘American-Microsen’ Electronic Process Control Installations Now In 


Successful Operation Have Proved The Reliability, Speed, Sensitivity 
And Accuracy Of This Modern Concept Of Process Instrumentation. 


This is the electronic process control system that 
now makes it practicable to utilize the capabilities 
of process equipment far more fully than ever before. 
Revealed in actual operation of plant-scale installa- 
tions are the much discussed benefits of this new 
approach to plant instrumentation. 


Used to measure, indicate, record and control process 
variables (pressure, differential pressure, tempera- 
ture, level flow, pH, gas analysis, etc.), these instal- 
lations exhibit every essential to improve product 
quality, increase operational efficiency and plant 
productivity. 


Only the ‘American-Microsen’ System provides: 


Lag-free signal transmission using the simplest communica- 
tion lines. 

Extremely fast, accurate measurements and control re- 
sponses — sensitivity impossible to duplicate in other types. 
Installation of all controllers in the instrument room any 
distance from the process — even 30 miles or more. 

High stability that permits use of narrower proportional 
bands. 

Freedom from dirt, leakage, freeze-ups and other transmis- 
sion line problems. 

Standardized control components interchangeable at the 
panel and plug-in components on each instrument. 
Adaptability — more than one input circuit can be fed into 
a controller for cascading or programming. 

DC signal that can be fed to potentiometer recorders, digital 
read-out systems, monitors, computers, etc., so that process 
and operational data are automatically reduced to quickly 
usable form. 

Flexibility — output signal can be fed in series to any num- 
ber of receivers, without impairing accuracy. Components 
can be mounted anywhere convenient to operating and 
servicing. 

Electrical circuitry makes possible unusual control and 
measurement functions not available in mechanical systems. 
Minimum installation or maintenance investment in trans- 
mission lines, air compressors, filters, pressure regulators, 
dryers. 

*Names and locations of 


installations available 
upon request. 





THE ‘MICROSEN’ BALANCE, 
the ‘‘nerve center’ of 
‘American-Microsen’ In- 
struments, is a_ simple, 
electro-mechanical servo- 
mechanism. It operates on 
the force-balance princi- 
ple to produce a high- 
level direct current signal 
that is not affected by 
any normal electrical or 
ambient condition. 
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MA 
co 


Tk 


, hinges 1. TRANSMITTER. Types to transmit measurements of temperature, pres 

‘ . sure, differential pressure, liquid level, flow, pH, oxygen concentration 
gas analysis, etc. 

a 2. RECORDING SET STATION. Records on strip chart or card and com 

| pares the measured variable with the control point setting. Error signa! 

A is transmitted to the Controller. 

r 3. CONTROLLER. An electronic amplifier with simple feedback circuits 

to produce calibrated proportional, reset and rate control actions 

9 ‘ 2 (Rate action added by plug-in unit.) Resulting control signal is fed to 

the Manual Control Station. 
4. MANUAL CONTROL STATION. Permits switching from automatic to 


5. ELECTRO-PNEUMATIC VALVE POSITIONER. Mountable on al! standard 
pneumatically-powered valves. Transduces the signal to pneumatic pres 
sure up to 25 psi to operate the valve with position feedback. 


Other components are available to meet your specific installation requirements 


: : manual valve operation during start-up or emergency conditions. Bump 
5 = : less transfer from manual back to automatic operation is built into 
5 e the instrument. Retransmits control signal to Electro-Pneumatic Valve 
g Positioner. 
4 


0.5-5.0 MA. 
Direct Current 





0 





TWO-WIRE 
TRANSMISSION 
3000 OHMS MAX. 


115V.60 115V.60 


Step up quality of control and 
reduce the size and cost of your proc- 
ess equipment for a given through- 
put. Shorten check-out and start-up 
time. Avoid costly maintenance. For 
your new process control system, 
learn about ‘American-Microsen’ . . . 
its economic advantages today and 
in the automatic plant of tomorrow. 
Catalog 164 will give you the story. 


0.5-5.0 MA. 
Direct Current 


115V.60 





c-ON F&O 1 A RE A 


MAXWELL & MOORE 


INDUSTRIAL CONTROLS DIVISION 


2 e 
Stratford, Connecticut z : 

MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC TRANSMITTERS, INDICATING OR RECORDING SET STATIONS, H M - 
CONTROLLERS, MANUAL CONTROL STATIONS AND ELECTRO-PNEUMATIC VALVE POSITIONERS. 
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REFINING FUNDAMENTALS 


P 200. 





The Nature and Composition of 


PETROLEUM 


CHAPTER III 


V. A. Kalichevsky* 





This chapter is presented here, early in the series, 
because any understanding of petroleum refining and 
the nature of its products must be based on knowledge 
of the chemical composition of petroleum itself. 

Articles in this series will take up the nature and 
the’ methods of handling emulsions, or intimate mix- 
tures of water and petroleum, ways of “breaking” 
these emulsions. Also discussed will be the composi- 
tion of natural gas and the recovery of light liquid 
hydrocarbons. —Editor. 











Nature of Petroleum 


T. most of us the word “petroleum” is associated with a 
vile-smelling, dirty, thick liquid from which we should keep 
away if we want to stay clean. We can hardly believe that 
a substance of such an uninviting nature can be converted 
into a vast number of extremely valuable products, each 
very different from the others, and retaining none of the 
objectionable characteristics of the crude oil. This trans- 
formation is brought about by refining processes, which 
have undergone many basic changes in the course of the 
last few decades. These processes involve the use of huge 
installations which are both complicated and dramatic in 
appearance. 

Many different kinds of crude oil exist. For example, 
Pennsylvania crude oil is quite different from Texas or 
California crude oils, in spite of the fact that they might 
appear identical to a superficial observer. Even the crude 
oil obtained from the same field but from different depths 
may not be the same. Some crude oils contain larger or 
smaller quantities of a black, semi-solid material familiar 
to everybody as asphalt. Others, which are usually lighter 
in color, congeal readily, but begin to flow with ease after 
they are heated above a certain temperature. When such 
crude oils are cooled they deposit a light-colored, crystalline 
or semi-crystalline substance that is nothing more nor less 
than ordinary paraffin wax. Still other crude oils contain 
both asphalt and paraffin. Consequently crude oils are 
classified as being either asphalt-base, paraffin-base, or 
mixed-base. 

The presence of asphalt or wax is not the only character- 
istic that distinguishes asphalt-base from paraffin-base oils. 
Gasoline from crude oils rich in asphalt performs better in 
automotive engines than gasoline from crude oils rich in 

*Consulting Chemical Engineer. 
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wax. Kerosine from paraffin-base oils, however, is of higher 
quality and lubricating oils retain their “body” and do not 
thin out on heating as fast as the asphalt-base oils. The 
respective products from the mixed-base crude oils have 
intermediate properties compared to those of the asphaltic 
and paraffinic oils. 

Classification into asphalt-base, paraffin-base, and mixed- 
base crude oils survived up to the present time and is quite 
common among the refinery men. It is far from satisfactory, 
however, because it is of qualitative and not of quantitative 
nature, and fails to divulge the real characteristics of the 
different crude oils. Besides some of the crude oils fail to 
show the continuity in the quality of their various fractions 
that is implied by such classification. 

Petroleum consists largely of carbon and hydrogen com- 
pounds that differ widely in their properties. The relative 
quantities of the various compounds present in a crude oil 
determine the chemical nature of the oil with which asphalt 
and wax are associated. Chemists gradually realized that 
no two crude oils are alike, thus making an exact classifica- 
tion an impossibility. This also means that each crude oil 
presents its own problems, particularly when attempts are 
made to rework it into high-grade products. Some crude 
oils may be well fitted for certain specific purposes, but 
others may be worthless in this respect, or yield products 
of inferior characteristics irrespective of the method em- 
ployed in refining them. The contents of various fractions 
in crude oils are also far from uniform. This may be seen 
from the data presented in table 4. 


Table 4. Variations in Composition of Crude Oils. 


Composition, % by volume 

Oil field Gas and Lubri- 
gasoline, Kerosine, Gas, oil, cating, oils Residuum 
Dorcheat-Macedonia, Ark.. 87.7 9.5 none none 

Helm, Calif... . ve eae 88.3 3.7 

Bradford, Penn. . 36.8 16.7 
East Texas, Texas 35.7 44 
Kern Front, California 0.7 none 
Iberia, La 3.5 none 


2 
none 2 
15.2 23 
16.4 22 
20.4 54 


20.5 24 


—mOo 
Om IDOE 


Crbo oe 
|} RoI wr Oo 


The refiner is, therefore, careful in selecting the crude 
oils he is buying with respect to the quantity and quality 
of the materials that he can recover on processing. It also 
explains the differences in prices between crude oils ob- 
tained from the various oil fields. 


Hydrocarbons: Chain and Ring Types 


Chemically the crude oils may be considered as mixtures 
of various compounds of carbon and hydrogen, which are 
known under the general name of hydrocarbons. In addi- 
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The wide variations in the proportions of various main prod- 
ucts found in different crudes are shown graphically for two 
crudes from the same state, California, one a very “light,” 
the other a very “heavy” crude. ‘Light’ refers to a relatively 
low-boiling, high API gravity material; “heavy” denotes a 
high-boiling, low gravity, often viscous liquid. 


tion they may contain compounds of sulfur, nitrogen, oxy- 
gen, and even traces of metals, such as calcium, iron, alumi- 
num, copper, silver, gold, vanadium, and others. For pur- 
poses of simplicity they may be regarded as impurities. 

The carbon content of crude oils varies between 84 and 
87 per cent and the hydrogen content between 11 and 15 
per cent. Oxygen, nitrogen, and sulfur combined, account 
for one-half to five per cent and seldom exceed the latter 
limit. Although hydrocarbons consist of only two elements, 
they vary extremely widely in their properties. This hap- 
pens because their characteristics change with the number 
of the carbon and hydrogen atoms and their arrangement 
in the molecule. In general they may be divided into two 
major classes: Straight-chain (aliphatic) and ring (naph- 
thenic and aromatic). 

When atoms combine to form a chemical molecule, each 
carbon atom is capable of holding or attaching to itself 
four hydrogen atoms, or their equivalent. When it does so, 
the carbon atom is said to be saturated. The attractive 


. force holding the atoms together, and indicated by a straight 


line, is called a bond, or linkage. The basic nature of this 
attractive force is probably electrical. 


| 
— om , — 
Hydrogen atom (one bond) 


Carbon atom (4 bonds) 


Therefore the simplest chemical compound containing 
carbon and hydrogen is: 
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H 


Methane (saturated) 


This hydrocarbon is called methane. It constitutes by 
far the largest proportion of the so-called natural gas that 
is found in the oil fields and is closely associated with 
petroleum. 

The next simplest hydrocarbon, which is also a gas, con 
tains two carbon atoms joined to each other in the following 
manner: 


H H 

| | 
H—C—C—H or C.H; 

| | | 


H H 
Ethane (saturated) 


This gas is known as ethane and is also one of the con- 
stituents of natural gas. In this case each carbon atom holds 
three hydrogens, the fourth being replaced by the second 
carbon atom. Further members of this series of saturated 
hydrocarbons are formed in a similar way, with more car 
bon and hydrogens extending out in a straight-chain struc- 
ture; thus a large and important group of saturated hydro- 
carbons, known as paraffin hydrocarbons, is built up. Tis 
straight-chain group with its various ramifications is ‘Often 
referred to as the aliphatic type of hydrocarbons. 

In the above compounds the carbon atoms are united 
between themselves by only one dash, which is considered 
as representing one chemical bond. However, a very large 
group of hydrocarbons contains atoms that are joined by 
two or more chemical bonds, i.e. by two or more dashes 
as these bonds appear in chemical formulas. This may be 
visualized from the following picture of the simplest mem- 
ber of this series: 


H H 


| 
H—C=C—H or C,H, 
Ethylene (unsaturated) 


This hydrocarbon is called ethylene and is also a gas. 
The term “unsaturated” is applied to such hydrocarbons, 
because one of the bonds between the two carbon atoms is 
free to attach itself to some other element if it becomes 
available; thus the double bond changes into two single 
bonds and a saturated molecule is formed. For instance, if 
hydrogen is present, ethylene may add it and form ethane. 
The reaction proceeds as follows: 


H aH H H 

| | i~-¢—¢—# 
H—C=€—H + H—H = H H 
C,H, + H, = C.H, 
Ethylene Hydrogen Ethane 


Another equally important series of hydrocarbons is 
known as the aromatic group, so called because of their 
characteristic odor. These differ radically from the straight 
chain or aliphatic group: They contain six carbon atoms 
forming a closed ring with double bonds between each 
second pair of carbon atoms. The simplest member of this 
series is the well known:substance benzene, or benzol 
Graphically the benzene molecule may be represented as 
follows: 
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These three photos illustrate the principal 
steps in the production of the major refined 
petroleum products: 


A. Crude is brown to black, more or less 
viscous, and has an unattractive odor. 


he 


B. In a refinery such as this Aden, Arabia, 
plant, crude is separated, treated, has 
its molecules rearranged to make the 
main products of commerce. 


C. And here we have the consumers of the 
major products of petroleum and natural 
gas; motor fuel in the fuel tank; lubricat- 
ing oil in the crankcase; lubrication 
greases on chassis and other bearing sur- 
faces; synthetic rubber in tires; petro- 
chemicals (resins, etc.) in the finish; as- 
phalt on the road under the wheels. 
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or C,H, 


Benzene (unsaturated) 
Kekule and Loschimdt formula 


The formula shows that benzene contains three double 
bonds which indicates that it must add hydrogen or other 
elements easily. Actually, they can be added to benzene 
but with a much greater difficulty than to the unsaturated 
open-chain hydrocarbons. For this reason it is doubtful 
whether the double bond in the benezene molecule and in 
the rest of the unsaturated hydrocarbons is the same. In 
order to account for this chemical behavior several struc- 
tural formulas for benzene were proposed by various chem- 
ists as shown below: 


H a 


. \/ 


n—c Oc Hn 








4 x 
i —H 
iv H—c-+-c—H 
\I/ 
Baeyer Cc 
| 
H 
Ladenburg 
H H 
| | 
ZEx “YN 
nam = H i C—H 
| 
atin” adits itis calli 
| | 
H H 
Baeyer Dewar 


Possible structures of benzene molecule 


Each formula shows a different way that the carbon 
atoms might be attached to each other in the benzene 
molecule. It also explains the behavior of benzene or its 
derivatives in some of the chemical reactions but not in 
all of them. As a result of an intensive research Baeyer 
came to the conclusion that the ring structure of benzene 
may vary with the type of compound containing benzene 
as a base. The formula of Kekule and Loschmidt is used 
in the present discussions because it is the simplest but 
with the understanding that the double bonds in benzene 
are not of the same type as the double bonds in the non- 
aromatic compounds. 

The complexity of the aromatic series of hydrocarbons 
may be visualized if we try to imagine the number of sub- 
stances that can be formed by replacing one or more hydro- 
gen atoms with other groups containing both carbon and 
hydrogen, as was shown in connection with the saturated 
hydrocarbons. Such “benzene derivatives” are numbered 
in the thousands. 

Another group of hydrocarbons, known as naphthenic 
hydrocarbons, is characterized by a ring structure similar 
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to that of benzene, but they may or may not contain double 
bonds and have a variable number of carbon atoms in the 
ring. The simplest member of this series is cyclopropane, 
a gas occasionally found in natural gas; it is sometimes 
used as an anesthetic. 


HT HA 
Cc 
H H . 
ee or cyclo-C,H, 


Cyclopropane (saturated) 


It may be noted that cyclopropane is a saturated hydro- 
carbon while propylene, the second member of the ethylene 
series, is unsaturated although both hydrocarbons have the 
same number of carbon and hydrogen atoms. 


= 8 & 


Propylene (unsaturated) 


The boiling points of the two hydrocarbons are different. 
Propylene boils at —53.7 F and cyclo-propane at —27.4 F. 

The complexity of hydrocarbon molecules increases 
rapidly with increase in the number of carbon atoms. A 
vast number of hydrocarbons are known that may be 
classified within more than one group. For instance a com- 
pound such as styrene may be considered as being both 
an aromatic and a straight chain unsaturated hydrocarbon. 


H 

+9 

Cy 
wm i ican or C,H,*C,H, 
H—C. f—H 

H 


Styrene (unsaturated) 


The Complexity of Petroleum 

The foregoing description shows the diversity and the 
extremely large number of possible combinations of car- 
bon and hydrogen atoms that may exist in a molecule. For 
all practical purposes it may be considered infinite. There- 
fore, it is not astonishing that relatively few hydrocarbons 
present in petroleum have been isolated and identified. 
This is possible only with the hydrocarbons of a fairly 
simple nature, like those that constitute the lowest boiling 
portions of crude oil. The complex composition of petro- 
leum also explains the difficulty of employing it as a raw 
material for manufacturing chemicals. With the exception 
of the few low-boiling hydrocarbons, the rest of the hydro- 
carbons are present in crude oil in very small quantities, 
or have similar boiling points. This makes their separation 
practically impossible. However, considerable progress has 
been made in connection with the utilization of the low- 
boiling hydrocarbons by converting them into valuable 
by-products or high-grade motor fuels. Commercial proc- 
esses of this type are new, but represent an important 
addition to refinery technology. More extended discussion 
of these new developments will be given in later chapters. 


C-39 











BES my 


| “TT g VI a = Selected for Merit 









Symmetrical assembly of units in major 

process area with absorbers left, re- 

absorbers and still center, and frac- 
WH tionators in background. 








Ma Hawk's-eye view of Magnolia-operated Pegasus gasoline plant. 
Process area, center; storage in background, power and compressor 
stations left. 


THE Pegasus natural gasoline plant, 31 miles southwest of 
Midland, Texas, owned by seven companies and operated by 
Magnolia Petroleum Company, one of the owners, is a first 
rate example of the best in gasoline plant design and con- 
struction. Processing about 60,000,000 cu ft per day of raw 
gas, it recovers about 162,000 gal per day of liquid products, 
including natural gasoline, 45,000 gal; butane, 36,000 gal; 
propane, 77,000 gal, and drip condensate, 4600 gal. 

The raw gas is desulfurized before entering the absorber 
system by means of an amine unit. The strippd gas is dehy- 
drated via the glycol method before going to pipe lines. Main 
process equipment includes two high-pressure absorbers and 
on reabsorber. Blowndown water is disposed of in surface 
evaporation pits. 

One outstanding feature is the wide use of atmospheric 
cooler units for almost all cooling purposes. In fact, this 
coolant is used so effectively that the daily “ration” of makeup 
water for all purposes including boiler water, is only 38 gal. 

The plant was designed by Magnolia and built by Hudson 
Engineering Company. 

Owners of the plant include Aurora Gasoline Company, 
Gustave Ring, M. T. Halbouty, Magnolia Petroleum Com- 
pany, Republic Natural Gas Company, Sharples Oil Corpo- 
ration, and Spartan Drilling Company. 





























mm The “heart of the process system,’ 
the absorbers are the tall columns in cen- 
ter, with gas dehydrator columns at left. 


Battery of gas-engine-driven compressors 


handles all gas. coming to the plant. 
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Ma These process load-out pumps ha: 
dle all the liquid recovered by the plant 
sending some products as far as 18! 
miles away to loading racks. 


These heavy ‘‘bullets’’ store liquid prod 

4a ucts; natural gasoline at right, propane 
at left, and butane in the center group of 
tanks. 


In this semi-desert land, the atmosphe: 

coolers may be considéred the crucial d 
vision of the process system. This picture 
Ww was taken at night. 
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GET SERVICE-PROVED 
ECONOMY 









eink 


SPECIFY 
AMERICAN THERMOMETERS! 








Is exact temperature measurement essential to 
safeguard your equipment? To assure uninterrupted 
service to customers? To maintain product quality? 

To control costs? Then American Thermometers belong 
in your plant! They are an unbeatable combination 

of highest quality materials, advanced design, rugged 
construction and precision manufacture. Their sustained 
accuracy protects processes, products and profits. 

Their long-life durability has been proved in outstanding 
performance in the severest services. 
























Whether you need industrial glass thermometers, dial 
types, or recorders, the complete American line 

provides for practically every application. Depending 

on instrument type and requirements, temperature 
ranges available are: minus 80° F. to plus 1150° F. Types 
of actuation include: mercury, vapor pressure, 

ee gas and bi-metal. 


S INDUSTRIAL 
_ GLASS THERMOMETERS 


FOR EXPERIENCED COUNSEL, prompt delivery from local 
stocks, and greatest economy, buy through your Industrial 
Supply Distributor. Catalog sent on request. 





JS. INSTRUMENTS 


A product of MANNING, MAXWELL & MOORE, INC. strATFoRD, CONNECTICUT 


tr MAXWELL 


MANNING 


‘Wi I8OON D9 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, ‘CONSOLIDATED’ 
SAFETY AND RELIEF VALVES, Stratford, Conn. HANCOCK VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY RELIEF 
Lae VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. ‘““SHAW-BOX” 
| AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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Bottom-of-the-barrel processing boosts 
gasoline yield, increases coke only slightly 


J. C. Dart; 

G. A. Mills; 

A. G. Oblad, 
and C. C. Peavy* 


D EMAND for gasoline and light dis- 
tillate fuels has been increasing more 
rapidly in recent years than demand for 
heavy residual fuels, with the result that 
the disposal of heavy fuels on a profit- 
able basis has been, in many places, a 
burden to the refiner. Considerable ef- 
fort, therefore, has been devoted to the 
development of new refinery processing 
techniques that provide greater flexibil- 
ity with respect to product demand as 
well as product quality. 

Houdry Process Corporation has de- 
veloped Houdresid catalytic cracking 
to meet these needs. Houdresid is a 
new refinery-proved, continuous mov- 
ing bed catalytic cracking process for 
converting crude residua to high qual- 
ity distillate products. 

Houdresid cracking utilizes either 
natural or synthetic catalysts, and the 
equipment required is similar in many 
respects to that employed in Houdri- 
flow catalytic cracking. 

High yields of gasoline, with octane 
ratings typical of gas oil catalytic crack- 
ing, are produced from residuum cuts 
ranging from crude tower bottoms to 
vacuum bottoms. Novel process fea- 
tures eliminate the adverse effects on 
product selectivity heretofore resulting 
when heavy metals are present in the 
feed. In addition, residua high in sul- 
fur or nitrogen may be charged. Houd- 
resid, therefore, gives refiners much 
greater flexibility in the kind of crude 
that can be run. 

Using a long range residuum, Houd- 
resid has been in commercial opera- 
tion for over a year. In addition, it has 
been studied extensively in the labora- 
tory. This paper describes the process, 
and presents pertinent results from 
both the commercial operation and the 
pilot plant studies on a variety of charge 
stocks. 


__. 


*Houdry Process Corp. 
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NEW CATCRACKING PROCESS 
SOLVES RESIDUUM PROBLEMS 





FIG. 1. Simplified flow diagram of Houdresid operations. 
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Commercial Application of 
Houdresid 

Description of the Operation. The 
commercial demonstration was carried 
out at the Sarnia, Ontario, Canada, re- 
finery of the Sun Oil Company, Ltd. 
The operation began on March 14, 
1954, and has been conducted with 
outstanding success since that time. A 
simplified flow diagram of the Houd- 
resid process now in operation at Sarnia 
is presented in Fig. 1. A photograph of 
the Sarnia Houdresid system is shown 
as Fig. 2. 

The total crude is fractionated to 
produce gas, gasoline, naphtha, kero- 
sine, No. 2 fuel with an ASTM 90 per- 
cent-point no greater than 600 F and 
bottoms. Reduced crude from this dis- 
tillation, representing about 45 to 50 
per cent of the crude, constitutes virgin 
feed to the Houdresid unit. 


Synthetic crude from the Houdresid 
reactor is fractionated to produce gas, 
gasoline, No. 2 fuel, heavy gas oil, and 
a small bottoms cut which is consumed 
as refinery fuel. Heavy recycle gas oil 
is cracked to extinction. 

The process and mechanical design 
of the Houdresid unit are based on in- 
formation and equipment developed in 
the well established Houdriflow gas oil 
cracking process. Oil, catalyst, and air 
flows are similar to those in a Houdri- 
flow unit previously described. 2 

Process Results. Inspection of the re- 
duced crude from mixed Louisiana, 
East Texas, and Mid-Continent crudes 
which is charged to the Sarnia Houd- 
resid operation is presented in Table 1. 
The results of typical yield surveys are 
presented in Table 2. 

Conversion ranged from 65 to 70 
volume per cent, variation being con- 
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The yields and octane ratings of the 
C.+ gasoline, without and with poly- 





















TABLE 1. Inspection of charge to the 








Sarnia Houdresid o ration. . > 
—_—_—. - e ene mer gasoline and the latter blended to = 
mixed Mid-Continent, 101b. Rvp are presented in Table 3. The = 

Texas and Louisiana ° : " ‘ 
Charge Crudes yields of 10 lb. Rvp gasolines (including ¥ 
Gravity, anys ‘4 26.9 calculated cat poly gasoline from poly- < 
Tnitial BP. aes 650 merization of Houdresid C, and C, ole- my 
50%... eee : B-. fins) range from 63 to 66 volume per < 
" Recovery, % bo: cent of long range residuum and F-1 a 

uliur, 


clear octanes range from 91 to 95. 
Catalyst Resistance to Contamina- 
tion. From March 14, 1954, to Novem- 
ber 16, 1954, 802,000 bbl of residuum 
sistent with changes in throughput, re- produced from 1,663,000 bbl of crude 
cycle ratio, space rate, catalyst-to-oil oil were changed to the Houdresid proc- 
ratio, and temperature during the re- ess at Sarnia. The history of metals 


siduum cracking operation. accumulation on the catalyst and its 
The C.+gasoline yields varied from 


about 48 to 53 volume per cent, and 
coke yields varied from approximately 
5.9 to 8.2 weight per cent. 

Considering changes in processing 
conditions, correlation of these data and 
data from other surveys indicates no 
significant shift in product distribution 
with time. Thus, the heavy metal con- 
taminants that accumulated on the 
catalyst had no effect on the Houdresid 
process results. 

Further evidence of this is demon- 
strated by the hydrogen yield expressed 
as standard cubic feet per barrel of 


Ramsbottom Carbon, wt % 
Nickel as metal, ppm. 
Vanadium as metal, ppm 
Iron as metal, ppm........ 
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, am 
residuum converted. Hydrogen pro- < - 
duction has remained essentially con- ws « 
stant throughout the Houdresid run. In = ¢ 
conventional gas oil cracking, metal 2 
contamination of the catlyst is accom- 7 3 
panied by a pronounced increase in Ok 
hydrogen production. “5 
Unsaturation in the C, cut from the 
commercial operation has been con- 
sistently greater than 60 per cent, and FIG. 2. Houdresid Unit at Sun Oil Co. refinery, Sarnia, Ontario. 
C, cut unsaturation has been more than 
75 per cent. These data are typical of 
Houdresid process results, and repre- . : = 
sent a substantial increase in satu- TABLE 3. Houdresid Cs + gasoline yields, before e and after polymer gasoline blending. 
ration of these cuts over that obtained Serie Se aL ee 
: , ; 3-19- -27-54 11-16-54 2-3-55 
— = ; — cracking. There- Plant data— Debutanized gaso., Vol % 48 5 50.1 52.7 51 6 cat 
lear octane en 93.0 7 ) 
ore, the ou resid process provides Calculated debutanized gaso. plus polymer - asae 7 cra 
a greater potential polymer gasoline pate. Vel. . 58.6 58.6 61.2 60.3 of | 
. A ° clear octane 94.7 92.5 ‘ 3. 2 
yield from polymerization of the C, Calculated Total 10 Ib. Rvp gaso., Vol % 62.8 63.4 63.9 64.3 of | 
and C, cuts. F-1 clear ontene. se — 95.2 93.8 91.2 93.7 pro 
SS ee = PoE — = ; ; a . om afte 
_ - TABLE 2. Sarnia Houdresid survey results, effect on activity, as determined by the atic 
Date 3-19-54 5-27-54 11-16-54 23-55 ee nine nt test* during + Cor 
Crude, BPSD... os 12,360 12,11 eriod, are shown graphically in Fig. 3. 
Cracking Temperatures, °F wes ae 945 940 ~~ = P 8 ‘P - y 6 871 
Houdresid charge The CAT-A activity of the natural the 
Reduced crude, BPSD........... 5,920 5,453 5,453 6,410 atalvst was 2 i 
Recycle, BPSD... . ; 2'344 3'372 4.455 3500 catalyst was 26 prior to residuum oper- pre 
Total, BPSD . 730 = <a —s ation, and appears to have stabilized of 
Yields, (Based on fresh feed) at 23.5. The gas and coke yields re- uct 
Conversion, Vol % ; 67.6 65.3 69.8 67.6 ai ivi 
Debut. gaso., 385 F at 90 %, vol % 48.5 50.1 527 516 mained normal for these activity levels. the 
‘3 feel Val y S* 2.1 a 23.0 Iron content of the catalyst increased cal 
Cs cut, Vol % 4's 124 12.9 13.1 from 1.0 to about 1.5 weight per cent vai 
Coke, wt % .. 21 59 8 : .'s and has remained at this value. pr 
Cracking efficiency, , . . 
Vol % gasoline x 100 Total nickel-plus-vanadium content 
‘Vol % conversion saa - =e 76.3 of the catalyst was about 200 ppm Hi 
Hydrogen, SCF /BbI of residuum before Houdresid operation com- da 
converted 129 147 108 138 . : 
‘Inspection of Cs" gasoline menced. This represents the approxi- ac 
Jeta' ‘ ‘ 7 . ie > ° ° 
:. -_guaapellaa .: e% 3.4 HH mate tolerable limit of contamination en 
Rvp 6.0 5.1 on 82 i one ofl catelvet crackine ¢ Cantenmi- ne 
Saher, wi % ! ‘7. 2 ~ 6.2 in gas oil catalyst cracking. Contam! 
siienipemeen sisi Sn a ee a nation above this limit in conventional ar 
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CALENDAR DAYS SINCE MARCH 14, 1954 


FIG. 3. History of metals accumulation of Houdresid catalyst 
and its effect on catalyst efficiency. 


catalytic cracking markedly influences 
cracking selectivity, so that high yields 
of light gases and coke, and low yields 
of gasoline, are the result of ordinary 
processing. By November 16, 1954, 
after eight months of Houdresid oper- 
ation, the total nickel-plus-vanadium 
content of the catalyst had reached 
870 ppm. It is extremely significant, 
therefore, that in Houdresid catalytic 
processing, these high concentrations 
of contaminants had no effect on prod- 
uct distribution or quality. In effect, 
the iron originally present in the natural 
catalyst along with the iron, nickel, and 
vanadium deposited thereon during 
processing had been rendered inactive. 

Catalyst attrition on the Sarnia 
Houdresid unit averaged 2.5 tons per 
day (0.4-0.5# catalyst per bbl of re- 
actor charge). The commercial experi- 
ence has demonstrated that it is not 
Necessary to withdraw catalyst, over 
and above that required from normal 
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mechanical loss, in order to maintain 
selectivity and activity. 

A salient Houdresid feature that 
minimizes the effect of metallic con- 
taminants in the charge is the pelleted 
form of the catalyst. Metal deposition 
occurs predominantly on the very ex- 
terior of the pellet. This deposit, in turn, 
is most susceptible to removal by the 
normal gentle grinding action occurring 
in a moving bed. Substantial amounts 
of the metal are thus physically re- 
moved from the catalyst, and elimi- 
nated with the catalyst fines. 

By March 21, 1955, more than a 
year after the new Houdry process was 
placed in commercial operation, ap- 
proximately 1,127,000 bbl of reduced 
crude (produced from about 2,336,000 
bbl of crude) had been processed in the 
Sarnia Houdresid unit. During this 
period, yields and product quality have 
remained high and unchanged. Thus, 
it has been demonstrated by commer- 


cial operation for a truly significant 
period that Houdresid cracking is a 
feasible and extremely attractive proc- 
ess for producing quality products 
from reduced crude. 


Laboratory Studies 

Pilot plant studies have been carried 
out to establish the various features of 
the Houdresid process, including a cor- 
relation of results of pilot plant and 
commercial operation. 

It has been established thereby that 
both natural and synthetic catalyst may 
be used, and that an inexpensive natur- 
al catalyst is particularly well-suited 
to Houdresid. 

A wide variety of long and short 
range residua, particularly those con- 
taining high concentrations of contami- 
nants, has been evaluated. Typical re- 
sults from these stocks, along with data 
comparing pilot plant and commercial! 
operation, are presented in accompany- 
ing tables. The pilot plant used for these 
studies has been described previously 
in connection with the development 
of Houdriflow catalytic cracking.®:°:# 

Comparison of Commercial and Pilot 
Plan: Results. Pilot unit and Sarnia 
Houdresid data from equivalent oper- 
ation are presented in Table 4. The com- 
mercial data are from the survey of 
November 16, 1954, at which time 
TABLE 4. Comparison of Houdresid pilot 
plant and commercial results. 





Pilot Commer 

unit cial unit 
Conversion, vol %... Riracate's 70.0 69.8 
Dubut. gaso., 385 at 90 % vol %.. 50.5 52.7 
Total gas oil, vol %.............. 30.0 30.2 
Cy cut, vol %.... nee 15.2 12.9 
Dry gas, wt % : 9.8  & 
i, Ie 7.9 8.2 
Cracking efficiency 

Vol % gasoline x 100 





ieee 79 9 — 
72.2 75.5 
Vol % conversion 











802,000 bbl of residuum had been proc- 
essed. In general, the product distribu- 
tions are in excellent agreement, and 
demonstrate that the pilot unit data are 
representative of results from commer- 
cial Houdresid operation. 

Houdresid Processing of Long Range 
Reduced Crudes. In-the general cate- 
gory of long range reduced crudes, the 
charge stocks studied represent mate- 
rial boiling above virgin No. 2 fuel oil, 
and range in Ramsbottom carbon con- 
tent from 2.8 to 4.5 per cent. 

Typical results from two of these 
stocks are presented in Table 5. With 
these stocks, once-through operation 
gives reasonably high yields of gasoline. 
Pilot plant yields here, and in the fol- 
lowing tables, do not include potential 
polymer gasoline. The coke yields are 
slightly higher, naturally, than would 
be expected from a clean catalytic gas 
oil. The liquid recoveries from oper- 
ation of these stocks are exceedingly 
high, however. 
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TABLE 5. Houdresid processing of long 
range residua. 





27.5% South- 
40% East Central Texas 
Texas reducer mixed reduced 
Charge stock crude crude 
kg, 23.7 22.7 
ON, ere 0.54 0.52 
Nitrogen, wt %.......... 0.17 0.11 
Ramsbottom carbon, wt % 4.5 2.8 
Nickel as metal, ppm. .... 7.5 7.0 
Vanadium as metal, ppm. . <2.5 5.0 
Yields, % of fresh feed.... once-through once-through 
Debut. gaso., vol. %.... 44 40.5 
Cat. gas oil, vol. %..... 39.7 44.1 
C4’s, vol. % 13.8 11.0 
Dry gas, wt %. : 7.9 9.5 
Coke, wt %....... 9 6.2 
Insvections of Cs* gasoline 
F-1 Clear octane. . . 91.6 94.1 
Suflur, wt %...... 0.66 0.11 


The yield of C, is exceptional from 
both charge stocks, and the inspections 
of the gasolines are excellent. The total 
gas oils produced in these runs have 
end points in the range of 875 to 900 
F. These gas oils are equally suitable for 
recycling in a Houdresid unit, or as 
charge to a gas oil cracking unit. As 
shown later, recycle Houdresid oper- 
ation results in very attractive yields. 

Houdresid Processing of Heavy Re- 
sidua. Typical results from Houdresid 
processing of tar separator and heavy 
vacuum bottoms are shown in Table 6, 
which presents data on 10.6 per cent tar 
separator bottoms, a 10 per cent 
vacuum bottoms and a 4.1 per cent 
vacuum bottoms from several crude 
sources. 

Processing the 10.6 per cent bottoms 
from South-Central Texas mixed crude 
results in excellent gasoline yields, with 
reasonable coke production. The gaso- 
line F-1 clear octane from processing 
this charge stock is 93.4. 

With both the 10 per cent mixed 
Mid-Continent, Texas and Louisiana 


vacuum bottoms and the 4.1 per cent 
South-Central Texas mixed crude 
vacuum bottoms, good gasoline yields 
at octanes in the range of 90 are ob- 
tained. The coke yields are higher, as 
would be expected, than that resulting 
from conventional gas oil catalytic 
cracking. However, the Ramsbottom 
carbon content of these charge stocks 
is extremely high. With charge stocks of 
high Ramsbottom carbon content, no 
difficulty was encountered in operation 
of the unit. 

Houdresid Processing of Residua 
Containing High Metal Concentration. 
Residua having high sulfur, nitrogen, 
and metal content were investigated as 
potential Houdresid feed stocks.Typi- 
cal pilot plant results obtained from 
four such stocks are given in Table 7. 
All of these stocks contain between 3 
and 5 per cent sulfur, and from 100 
to 1100 ppm of heavy metals. The 
nitrogen contents range from 0.3 to 
0.7 weight per cent. 

Once-through operation with these 
charge stocks results in debutanized 
gasoline yields of approximately 29 to 
37 per cent at conversion levels in the 
range of 50 to 65 per cent. Coke yields 
vary from 15 to 22 weight per cent. 

Recycle operation, as shown for 
heavy Wyoming reduced crude, results 
in a substantial increase in gasoline 
yield, the increase amounting to 17 
volume per cent of charge, with only 
small increase in gas and coke yields. 

Even with such highly contaminated 
charge stocks, gasoline octanes in the 
range of 90 to 92 F-1 clear are ob- 
tained. Both Ordonez and Boscan top- 
ped crude yielded approximately 2 
weight per cent hydrogen sulfide, which 
is included in the dry gas yield. 











TABLE 6. Houdresid processing of heavy residua. 





10% Mixed Mid-Continent, 
Texas and Louisiana 10.6 South-Central 4.1% South-Central Texas 
Charge stock reduced crude Texas mixed reduced mixed reduced 
crude crude 
I PE oc cn cudeeenicabeesceunes 12.6 17.7 12.7 
ak ge nate ea ta ewes 0.91 0.72 1.02 
cic wticcceagwesneescee — 0.20 0.36 
Ramsbottom carbon, wt %.............- 12.4 5.3 14.0 
NN DOU. cc cvcceecsvicesose 18.8 18.2 47 
Vanadium as metal, ppm................ 7.4 13.0 33 
Yields, % of fresh feed once-thro once-through once-through 
ee SS hy SEPP 40.1 42.6 40.4 
SP ere 40.2 37.0 27.1 
a ie 10.4 13.1 15.6 
a na homie bee nnaka nen 7.3 11.6 13.5 
I en tide neg ucla es oe is 16.3 8.5 17.6 
Inspections of Cs* gasoline 
ee on os ecb wwe seewme 89.3 93.4 90.7 











TABLE 7. Houdresid processing of residua containing high contaminant concentrations. 





Heavy 
Ordonez Boscan Wyoming Kuwait vac. 
Charge stock topped crude topped crude reduced crude bottoms 
0 ae eye er ee 12.3 7.7 12.2 9.7 
Sulfur, wt %......... ‘ 3.72 4.96 3.48 5.03 
Nitrogen, wt %....... RAE PORT a ee TN 0.42 0.70 0.38 0.33 
Ramsbottom carbon, wt % 13.3 10.4 11.8 16.7 
Nickel as metal, ppm. . % pe? 44 74 37 42 
Vanadium as metal, ppm.................. 242 1090 76 98 
Yields, % of fresh feed once-through once-through once-through recycle once-through 
OO” | err re 29.2 33.9 31.1 48.2 o 
TT , dneccewedteceessedsie 49.6 43.8 44.5 26.1 34.6 
ES | rrr 7.0 7.0 10.6 10.1 9.6 
Dry gas, wt %....... AAS ae 9.8 8.8 10.4 12.3 9.7 
ae culos pactsed bien 15.1 18.6 15.2 18.2 22.1 
Inspections of Cs* gasoline 
F-1 clear octane......... 90.3 92.1 91.8 93.0 88.9 
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Conclusions 


1. A new process, Houdresid cata. 
lytic cracking, has been developed by 
Houdry Process Corporation. This proc. 
ess enables the refiner to crack crude 
residua catalytically. The process js 
economical and is particularly welj 
adapted to the use of relatively inex. 
pensive natural catalysts. 

2. The Houdresid process has been 
proved in commercial operation for 
over a year. Commercial results are in 
agreement with pilot plant results and 
demonstrate that the problem of heavy 
contamination in catalytic cracking 
has been successfully solved by the 
Houdresid process. Commercial data 
from Houdresid operations confirm the 
fact that attractive product distributions 
and high quality products result from 
processing residua by the Houdresid 
process. 

3. Pilot plant data from Houdresid 
operation demonstrate that efficient 
conversion of a wide variety of residua, 
including those high in sulfur, nitrogen 
and metal contaminants, is possible. 
Recycle operation with even the heavi- 
est of residuum fractions provides in- 
creased gasoline yield at only moderate 
increase in coke deposition. 

Considering its many outstanding 
advantages, including the ability to 
process the “bottom of the barrel”, 
Houdresid should find widespread ap- 
plication in the petroleum industry. 

At the present time several units for 
the processing of reduced crude are in 
various stages of design. 

Houdresid catalytic cracking is now 
available for general licensing to the 
refining industry by Houdry Process 
Corporation. 
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Phenolics open new chapter for synthetic resins; 


urea-formaldehyde introduces new aspect 


PHENOLICS were the first truly syn- 
thetic plastics.* That phenol would re- 
act with formaldehyde was known for 
many years before the first attempts 
were made to utilize products of the 
reaction as substitutes for shellac, then 
employed for coatings and for fabri- 
cated plastics such as phonograph rec- 
ords. Commerical exploitation of the 
reaction resulted from the work of 
three groups of investigators under 
Bakeland, Aylesworth, and Redman. 
Bakeland himself made the largest 
chemical contribution and was respon- 
sible for the development of the heat 
and pressure molding technique. 

The new phenol-formaldehyde com- 
positions exhibited very desirable elec- 


_—. 


*See Part I, Page C-37, The Petroleum Engi- 
neer, May, 1955. 


George Barsky 
Barsky & Strauss, Inc., New York 


trical properties and filled the need cre- 
ated by the expanding electrical indus- 
try. The production of picric acid dur- 
ing World War I provided large manu- 
facturing facilities for phenol and facili- 
tated the expansion of the phenolic 
plastics industry. The development of 
radio during the twenties contributed 
an additional demand, and uses for the 
new material multiplied. Today pheno- 
lic molding and laminating products 
are standard materials. 

Phenol molding and laminated prod- 
ucts possess unusual combinations of 
properties. They are easily fabricated 
to intricate shapes, allow molding 
around metallic inserts, and require no 
plasticizers. The finished materials are 
rigid even when hot because of reac- 
tions that take place during curing. 
They are inert to ordinary reagents ex- 
cept alkalis and are age-resistant. Me- 


THE PETROLEUM ENGINEER, June, 1955 





a FIG. 1. Fabricating plastics can be 
costly, as witness the size and complex- 
ity of this injection molding machine 


chanical, electrical, and heat resistant 
properties can be accentuated by 
changes in the composition as re- 
quired. Limitations on the size of the 
molded piece have gradually been ex- 
tended. Combinations with paper, can- 
vas, and other fabrics allow larger sec 
tions to be made and also provide im 
proved shock resistance. 

Phenolic resins have also proved 
themselves of value in coating com- 
positions, where they are usually 
blended with natural products such as 
chinawood or linseed oil. One handi- 
cap of the phenolics is their dark colo: 
and tendency to further darken with 
age. Another is a characteristic pheno 
lic odor which prohibits their exten 
sive use in food containers, for ex 
ample. 

The phenolics have been on the ma! 
ket for almost 50 years. They have been 
responsible for many advances in fab 
rication and have a greater variety of 
outlets than any other materials. Othe 
than for their normal growth, their in 
creased consumption depends on the 
development of new uses, new fabri 
cating techniques, or new combina 
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tions. One new and promising use is 
in shell molding technique for foun- 
dries. 

Phenolic plastics are manufactured 
by reacting phenol and formaldehyde 
in the presence of a catalyst in steel 
kettles equipped for reflux and dis- 
tillation. The reaction is exothermic 
and the temperature is controlled by 
water circulating through a jacket. Wa- 
ter is evaporated from the condensation 
product under vacuum and the hot 
liquid resin discharged onto trays and 
allowed to solidify. To make molding 
powder, the solid resin is broken, 
ground with catalyst, mold lubricant, 
filler (wood flour, asbestos, or mica) 
and coloring matter. The complete mix- 
ture may be further compounded on 
steam-heated rolls into sheets which are 
then ground to powder. 

For laminating purposes, the resin is 
made similarly and dissolved in alco- 
hol; in this form it is used to impreg- 
nate paper, cloth, etc. For plywood ad- 
hesive and condensation product may 
be used without concentration by evap- 
oration. Stability is poor and, if the ma- 
terial is to be stored, refrigeration is re- 
quired. .The dihydric phenol, resorci- 
nol, is used for some special adhesive 
purposes. 

Other variations of phenolic resins 
are made for special purposes. For 
varnish use, substituted phenols are re- 


quired in order to impart solubility in 
drying oils. The cast phenolics are made 
by modification of the phenol-formal- 
dehyde ratio and the use of glycerine 
and lactic acid. The thick syrup ob- 
tained by vacuum evaporation is 
poured into molds and cured by heat- 
ing in ovens for several days. Further 
fabrication of cast phenolics is by cut- 
ting and machining (Fig. 1). 


Introducing Color 

Urea-Formaldehyde and Melamine- 
Formaldehyde. Urea-formaldehyde 
materials were introduced in the late 
1920’s when urea became available at a 
low price because of the expansion of 
the nitrogen fixation industry. Like the 
phenolics, the base resin is thermoset- 
ting but, unlike the phenolics, it is 
colorless and may be pigmented to al- 
most any color, including pastel shades. 
The striking novelty of color opened up 
hitherto unsuspected decorative possi- 
bilities for plastics. Urea-formaldehyde 
molded products have poorer dimen- 
sional stability than the phenolics and 
the temperature to which they can be 
exposed without marked change is 
much lower. They are much more 
water-sensitive. 

Like the phenolics, urea-formalde- 
hyde materials are available in the 
form of molding powders, laminating 


resins for paper, fabric and plywood, 





and as resins for coating use. The lat. 
ter is an alcohol-modified product. 
Urea-formaldehyde resins are extep. 
sively used for the crush-proofing of 
textiles and to improve the wet strength 
of paper. The methods of fabrication 
of molding and laminating materials 
are similar to those for the phenolics, 
The manufacture of urea molding 
plastics is a comparatively simple op. 
eration, but it requires stainless steel or 
aluminum equipment to avoid dis. 
coloration of light-colored products, 
Urea and formaldehyde are condensed 
under ordinary temperatures and pres- 
sures with the addition of catalyst. The 
resulting solution is mixed with paper 
pulp, or other filler, dried with hot air 
under controlled conditions, and 
ground. Coloring pigments and mold- 
ing accelerator are then added, and a 
final grinding operation takes place in 
brine-cooled ball mills. In dark colors, 
where contamination is not a factor, 
urea-formaldehyde molding powder is 
the cheapest of all molding plastics. 
Laminating solutions and adhesives 
are made by condensation that may be 
followed by vacuum concentration. 
Spray-dried solids are also available. 
Generally, in the use of adhesives or 
laminating materials, small amounts of 
acids or acid-generating catalysts are 
added to cause the resin to set. 
Resins for organic coating solutions 


PRESSURE HYDROMETER JAR 





For obtaining specific gravity of liquefied petroleum gases, 
such as propane and butane, which under normal atmos- 
pheric pressure would evaporate into a gaseous form. Jar 
withstands operating pressures of 200 psi at normal tem- 
peratures. Equipment consist of clear lucite tube, aluminum 
end caps held by tie-rods and a conical base. Three needle 
valves allow entry of the sample and adjustment of the 


liquid level. 
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The most complete line of 
scientific instruments end lebe- 
totory supplies in the werld. 
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TRANSET System sets 
low maintenance records! 


ELIEVE IT OR NOT, we've actually heard maintenance men complain 

because their Transet Instruments never give them a chance to use the 
maintenance ‘‘know how’”’ they had so studiously acquired. For months and, 
is some Cases, even years at a time the instruments require no attention. Here 
are some reasons for this outstanding dependability: 


CONTROLLERS 


Design and flexibility of neoprene-impregnated diaphragms makes for strength 
and long life. Can be used on pulsating flows without deteriorating, and are im 
pervious to oil vapors often present in air systems. Simple circuit reduces number 
of possible trouble points, and force-balance action means minimum of moving 
q parts. Large volume relay valve reduces chances of plugging. Unique nozzle 
baffle arrangement is not as susceptible to damage as in other controllers. Built 
in cut-off relay permits locating instruments behind board or in the field with no 
change in interchangeability of recorders. Only two adjustments are ever needed 
for maintenance—and plug-in feature means minimum time off automatic control 





RECEIVERS 


Ruggedly housed bellows in receiver units protects it from external damage. Con- 
tinuous bleed from the reducing valve keeps it purged—free from dust and dirt. Many 
have been in service over four years without requiring calibration to zero. Units 
are easy to get at for service, no matter how close on the board, because they can be 
unplugged. Plug-in feature also means that indicators can be replaced by recorders 
for analyzing trouble. Removable chart drive is another aid to establishing process 
problems. 





TRANSMITTERS 


Both temperature and flow transmitters are ruggedly housed. Located 
at the point of measurement, they are out of the way of possible 
Q damage. Quick, simple range-change features mean minimum main 
tenance time for changes in product or seasonal demand. Force 
balance construction—no seal pots. Follows flows quickly because 
of low volumetric displacement. Self draining and venting. 
For full details about the TranseT system call your Taylor Field 
Engineer, or write for Bulletin 98097. Taylor Instrument Companies, 
Rochester, N. Y., or Toronto, Canada. 





*Reg. U.S. Pat. Off. 


Taylor Lustruments MEAN ACCURACY FIRST 
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are made by condensing urea and 
formaldehyde in a different molar ratio 
than for molding products. The con- 
densate is alkylated by boiling with a 
selected alcohol; the water of the solu- 
tion is displaced first by the alcohol and 
finally by a hydrocarbon solvent. 

Melamine-formaldehyde resins are 
similar to the urea-formaldehydes but 
have improved moisture resistance and 
dimensional stability. Molding com- 
pounds with mineral filler are superior 
to the phenolics in arc-resistance. Mel- 
amine plastics are being used to an in- 
creasing extent in tableware. Their 
light weight and superior shock resis- 
tance give them advantages over china- 
ware but their susceptibility to coffee 
stain and their poor scratch-resistance 
still are major defects. 

The principal handicap to growth of 
the melamine plastics is the high cost 
of melamine; the latter is produced 
from calcium cyanamide by a multi- 
step process requiring high pressure. 
Melamine, however, might be pro- 
duced from urea and ammonia; in that 
event its cost would be greatly re- 
duced and melamine plastics would re- 
place the ureas and cut into the 
phenolics. 


Revolutionary Coating Materials 


Alkyds. The development of Bakelite 
stimulated other investigators to match 


the properties of this first plastic. Gen- 
eral Electric researchers took up the 
observations of Watson Smith on the 
glycerol-polybasic acid resins. At first, 
they tried to prepare moldable resins 
similar to the phenolics but without 
success. By modifying glycerol phtha- 
late with fatty acids, they developed 
products that later were useful con- 
stituents, of nitrocellulose lacquers. 
Subsequently, glycerol-phthalate was 
modified with drying oil fatty acids to 
give a composition that becomes hard 
on exposure to air. 

These alkyd resins are extensively 
used in coating compositions because 
of their superior durability and rapid 
drying. Their properties vary depend- 
ing on whether or not the fatty acid is 
oxidizing, on the proportion of fatty 
acid used, on the particluar dibasic 
acid, on the particular polyhydric al- 
cohol (glycerol, glycol, pentaerithrytol, 
or mixtures), and on additional modi- 
fying agents that may be added, such 
as rosin, phenolic resins, styrene, and 
silicones. 

The use of alkyd resins in surface 
coatings has increased greatly since 
the twenties. They now replace lacquer 
in automobile finishing; they have been 
adapted to a wide variety of air-drying 
and baking finishes, in latex emulsion 
paints, and in the special corrosion- 
proofing vinyl finishes. 


The process of manufacturing alkyd; 
is comparatively simple. The ingredj. 
ents, for example, phthalic anhydride, 
glycerol and linseed fatty acids, are 
heated to reaction temperature in stain. 
less steel or aluminum kettles. Usually 
a blanket of inert gas is used to exclude 
air. Straight esterfication takes place 
with the evolution of water. The final 
product is discharged into containers or 
into a thinning kettle where solvent js 
added. Since the glycerides are cheaper 
than the equivalent of fatty acid and 
glycerine, it is common practice to use 
the neutral glycerides. By heating the 
glyceride with additional glycerine, a 
mono- and di-glyceride mixture js 
formed that then reacts readily with the 
polybasic acid. 


Flexibility 

Polyvinyl Chloride. PVC plastics 
marked a major turning point in the 
plastics industry. For the first time they 
made available a synthetic material that 
was flexible and capable of substitution 
for textiles. Up to then all synthetic 
plastic materials were rigid in the fin- 
ished form. Polyvinyl chloride plastics 
are more than half chlorine and less 
than half organic and therefore they 
may be considered inorganic plastics. 
As such they antedate silicones by two 
decades. 

The fundamental reaction involved 








ina series of ALUMICOAT APPLICATIONS 








- 
OIL REFINERY 
EQUIPMENT 
protected 


with 
Atwmicoa® 











ALUMICOAT is a valuable industrial innovation that 
provides a metallurgical bond of pure aluminum and 
its alloys to steel! ALUMICOAT offers a firm resistance 
against chemical action and extreme temperatures 
especially important in oil refinery installations .. . 
resulting in a substantially improved process and 
longer life for the treated equipment. 


Alumicoat can solve your corrosion and 
oxidation problems! Write for descriptive folder. 


ARTHUR TICKLE ENGINEERING WORKS, Inc. 


Vicksburg, Michigan 
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RONNINGEN Multiplex FILTERS 





700 G.P.M. Ronningen Model 208 Multiplex 
Water Filter in Midwest Petroleum Refinery. 


Write for...Free Multiplex Bulletin 4557E 
STRAIN AGAIN with RONNINGEN 


‘Particles large or small, we Filter them all’’ 


RONNINGEN MANUFACTURING CO. 


Some good oil refining territories open 


j 


C larify 


PLANT WATER 


SUPPLY 


- Assure yourself clear, 
' clean intake water. Ron- 
ningen Filters remove 
| foreign particles, grit, 
iron, pipe scale. 100 to 


2500 G.P.M. 


QUICK COUPLING 
NON SHORT- 
CIRCUITING 


Phone 5161 
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in the formation of vinyl plastics was 
observed more than 100 years ago. 
Variations of this fundamental reac- 
tion, polymerization and copolymeri- 
zation of ethylene derivatives, are the 
basis for a large part of our synthetic 
plastics industry. Vinyl, vinylidene, 
acrylate, allyl, styrene, polyethylene, 
the synthetic rubbers, and acrylonitrile 
products are all produced by this poly- 
merization reaction. 

Some basic work on vinyl chloride 
(monochlorethylene) polymers was 
done by the well known rubber chem- 
jst, Ostromislensky. The Goodrich 
Rubber Company started experimental 
work in about 1928 and proceeded 
along the line of adding plasticizers to 
polyvinyl chloride to permit fabrica- 
tion. Carbide and Carbon Chemical 
Company developed copoylmers of 
chloride and acetate, internally plas- 
ticizing the chloride with the acetate. 

The acute rubber shortage during 
the war accelerated the acceptance of 
polyvinyl chloride products for elec- 
trical wire insulation and cable sheath- 
ing where they proved to be superior 
to rubber for many specific applica- 
tions. Other substitutions, for example 
in rubberized cloth, resulted in the 
realization of some of the unusual prop- 
erties of poylvinyl chloride. After the 
war, a large market developed for 
PVC in coated cloth, calendered film, 
and extruded products. 

Unplasticized PVC is a hard, rather 
brittle material at room temperature, 
characterized by outstanding resistance 
to most chemical reagents, water, oil, 
and oxidation. When plasticizer is 
added the physical characteristics are 
greatly changed, depending on the type 
and amount of plasticizer. It is possible 
to vary the plastic from a rigid mass 
to a tough, elastic material, down to a 
soft, pliable, elastic sheet. One early 
drawback was the tendency to discolor 
and become brittle on light- or heat- 
aging, but stabilizers have been devel- 
oped which, in small amounts, prob- 
ably by combining with traces of lib- 
erated hydrogen chloride, reduce the 
rate of decomposition. Stabilizers are 
responsible to a great extent for the 
improved durability of PVC and of its 
increased acceptance for many pur- 
poses, as in window or shower curtains, 
rainwear, lightweight garden hose, etc. 

Experience in handling and in com- 
pounding PVC has made the fabrica- 
tion of rigid unplasticized products 
such as sheet and pipe possible. New 
techniques for fabricating have also 
been introduced. The use of plastisols, 
that is, resin particles dispersed in plas- 
ticizer, has permitted the easy appli- 
cation of rather thick layers to fabrics. 
After the plastisol dope has been spread 
on the cloth, heat is applied. The PVC 
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(Courtesy of U. S. Rubber Company). 


swells, absorbs the plasticizer and the 
mixture becomes homogeneous. This 
procedure. has resulted in the displace- 
ment of the old nitrocellulose coating 
by poylvinyl chloride compositions; 
the latter are now extensively used for 
upholstery, luggage, etc. The introduc- 
tion of a gelling agent in the plasticsol 
gives a gel that can be formed to a re- 
tainable shape when heated. All these 
variations in fabricating techniques 
have helped to increase the market for 
PVC (Fig. 2). 

The monomer, vinyl chloride, is 
made by two methods: The catalytic 
addition of hydrogen chloride to acetyl- 
ene; and the removal of hydrogen chlo- 
ride by thermal cracking of ethylene 
dichloride. Ethylene dichloride is made 
from ethylene and chlorine by direct 
combination; acetylene is made on an 
increasingly larger scale from natural 
gas. Polymerization of the monomer is 
usually effected in water emulsion or 
suspension with the addition of cat- 
alysts. Since the vinyl chloride is low 
boiling liquid, this operation takes 
place under pressure. The PVC is re- 
covered by filtration and drying, or by 
drying the entire emulsion. Compound- 
ing of the PVC with plasticizers and 





Ma FIG. 2. Panels of reinforced polyester 
resin — with aluminum stiffeners — permit 
higher payloads in trailer-trucks. Naugatuck 


Chemical’s ‘‘Vibrin"’ is 


Fiberglass. 


manufactured by 


stabilizers is similar to the compound- 
ing of rubber for which heavy duty 
mixers are used. 


Other Polyvinyl Halides 

There are a number of other poly- 
vinyl materials related to PVC; they 
are less prominent but still interesting 
because of their unusual physical prop- 
erties or promise of future growth. 

Vinylidene chloride may be con- 
sidered vinyl chloride with an addi- 
tional chlorine substituent. Straight 
polymers are difficult to fabricate but 
co-polymers with vinyl chloride have 
had some commercial success. The rel- 
atively high vinylidene chloride prod- 
ucts are unusually resistant to chemi- 
cals, corrosion, and mildew. Pipe, tub- 
ing, and monofilaments for screening 
have had wide acceptance. Small pro- 
portions of vinylidene chloride are 
added as co-polymers to other mono- 
mers to produce changes in properties. 

Polychlorfluorethylene may be re- 
garded as a completely fluorinated 
PVC. The plastic is noteworthy for its 
strength and toughness and its resis- 
tance to flame, chemicals, age, and 
abrasion. It is more difficult to fabri- 
cate than PVC but has better chemical 


C-53 








its commercial production was retarded 
because of the unavailability of styrene, 
the monomer, at low prices. At far 
back as 1911 polystyrene was proposed 
as a replacement for celluloid, wood, 
glass, etc., and its excellent electrica| 
properties were recognized. Staudinger, 
working with syrene (monovinylben. 
zene) and divinyl benzene, developed 
some of the modern theories of poly- 
merization and studied the phenome- 
non of cross-linkage. Although Dow 
announced the production of clear 
colorless polystyrene before the war, 
the monomer was not available jn 
quantity until after the war during 
which large producing units were built 
for the synthetic rubber program. The 
availability of styrene at prices as low 
as 13 cents per pound resulted in a 
tremendous impetus to styrene plastics. 
This situation presents an interesting 
parallel to that of phenol at the end of 
World War I, and to the subsequent 
growth of phenolic plastics. 
Polystyrene is well adapted to in- 
jection molding, a method of fabrica- 
tion considerably cheaper than the heat 
and pressure molding used for the phe- 
nolics and ureas. Polystyrene demon- 
strated the possibilities of this new type 


Me FIG. 3. Vinyl plastic finds a new use in 
storm windows made like a window shade. 
Air pocket between tightly fastened film and 
window glass provides insulation. , 


of molding technique. 
Polystyrene is colorless and trans- 
parent and has high tensile strength 








resistance and may be used over a 
wider temperature range. It is quite 
expensive and, for this reason, its use 
has been restricted to such fields as 
valve packings, special tubing, chemi- 
cally resistant cloth, etc. 
Polytetrafluorethylene is a com- 
pletely fluorinated product made by 
polymerization of tetrafluorethylene. 
The polymer has no true softening 
point and is very difficult to fabricate; 
the techniques of powder metallurgy 
are sometimes resorted to. This fluor- 
ine plastic is outstanding in heat resis- 
tance, chemical resistance, and low 
electrical loss. It is used for gaskets and 
packing in the chemical industry and 
for some special electrical services. 


Polyvinyl Acetate, Alcohol, 
and Acetal 


newer water emulsion paints (Fig. 3). 
Hydrolysis of PVA gives polyvinyl 
alcohol, the properties of which vary 
with the molecular weight of the PVA 
and the degree of hydrolysis. Extruded 
and molded polyvinyl alcohols are 
characterized by resistance to organic 
solvents. Tubing, gaskets, diaphragms, 
and packings for use where such resis- 
tance is important are made from poly- 
vinyl alcohol. Some grades of poly- 
vinyl alcohol swell in water, and others 
are even water-soluble. However, by 
treating the alcohol with aldehydes, 
acetals that withstand hot water are 
formed. The butyral compounded with 
proper plasticizer is extensively used as 
the inner layer for safety glass of im- 
proved low temperature characteristics. 
The formal is used for wire insulation, 


and excellent dimensional stability. It 
has a low specific gravity, 1.05, and a 
smaller weight is therefore required for 
a given piece than is the case with the 
phenolics of the ureas. It has unusual 
electrical properties, particularly low 
loss at high frequencies, and for this 
reason, polystyrene insulation is use- 
ful in shortwave electronic equipment. 
Though soluble in aromatic hydrocar- 
bons and chlorinated solvents, it is not 
affected by alcohol, fats or greases, nor 
by acids or alkali. Because it retains its 
impact strength at low temperatures, it 
has been widely used for refrigerator 
parts. 

A very large number of small devices 
for household use, toys, housings for 
small machines, containers of all sorts 
are made from polystyrene by injec- 
tion molding. Pieces weighing up to 
ten pounds are being produced and 





particularly magnet wire. many colored and mottled effects are 0 
Polyvinyl acetate is prepared by Synthetic fibers from polyvinyl ace- possible. Molding cycles vary from 15 7 
polymerization of vinyl acetate, often tals have received considerable atten- seconds to 3 minutes, depending on le 
in water emulsion. The monomer, a ___ tion, particularly in Japan. If the acetic — the mold. : 
liquid, is usually made by adding acety- acid that is removed from PVA could Although ordinary polystyrene has a e 
lene to acetic acid. PVA itself is color- be recovered cheaply and re-used to distortion point of about 170 F and is b 
less. It exhibits flow at room tempera- make vinyl acetate, the cost of poly- somewhat brittle, modified polystyrene 
ture and therefore is not suitable for vinyl alcohol would be very low, as the formulations are available with higher t 
films, small parts, etc. It is soluble in only raw materials would be acetylene heat distortion temperatures and with E 
many organic solvents and usable as and water. improved impact qualities. Some of : 
coating composition. PVA is used in these are co-polymers and some mix- f 
adhesives, paper coatings, leather, tex- Injection Molding tures of polystyrene with other mate- 
tile, and straw finishes. PVA latices Polystyrene. Polystyrene is one of rials. Co-polymers of styrene and but- | 


are used as a base for some of the 
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the oldest plastic materials known but 


tadiene containing larger proportions 
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of styrene than synthetic rubber are 
used in molding compositions and as a 
latex in water emulsion paints. Other 
co-polymers are styrene-divinylben- 
zene, styrene-acrylonitrile, styrene-iso- 
butylene and styrene-isoprene. 

The monomer (styrene) is prepared 
by reacting ethylene and benzene in the 
presence of aluminum chloride to form 
ethyl benzene, which is then dehydro- 
genated by cracking and purified by 
distillation. Polymerization may be in 
bulk or in aqueous suspension. Com- 
mercial availability of methyl styrene, 


FIG. 4. Polyethylene is serviceable 
in refrigerator ice trays; permeable 

4 to oxygen and CO but not to H.O, it 
serves eminently well for packaging 
of fresh, living vegetables. 


(Courtesy of E. |. du Pont de Nemours, Inc.). 


W FIG. 5. Nylon lends itself to special 
plastic. applications in tough, abrasion- 
and chemical-resistant molded gears, 
bearings, and valve seats. 


(Courtesy of E. |. du Pont de Nemours, Inc.). 





prepared by analagous reactions from 
toluene, has been recently announced. 
Divinyl benzene may be used to 


cross-link the ordinary polystyrene 
chains and produce an insoluble pro- 
duct. Such a material cannot be in- 
jection molded but it can be cast before 
the final cross-linking action takes 
place. Styrene itself is used as a cross- 
linking monomer in many of the poly- 
esters which are described below. 


The First Petroplastic 
Polyethylene. Not only is polyethyl- 
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ene entirely a petrochemical product, 
but its discovery was an outgrowth ol 
attempts to polymerize ethylene in 
order to make liquid hydrocarbons 
suitable for motor fuel. Thus, it repre 
sents the first direct all petrochemical 
plastic of any consequence. Some pe 
troleum resins resembling the couma 
rone-indene polymers of coal-tar have 
been on the market for a number of 
years, but these are very limited in 
uses and represent minor by-products 

Polyethylene was developed origi 
nally by International Chemicals, Inc., 
in England. Because of the wartime im- 
portance of electrical insulating mate 
riais, the information was transmitted 
to the United States from Britain; Du 
Pont and Union Carbide became the 
first American producers. From 9,000,- 
000 Ib in 1946, capacity has grown to 
135,000,000 Ib in 1953. Seven othe: 
manufacturers are entering the field 
and 500,000,000 Ib are expected in 
1956. 

Polyethylene is outstanding for the 
ease with which it may be fabricated 
It can be extruded, blown, calendered 
and welded. It is remarkably inert 
chemically. It has a relatively low soft- 
ening point and is somewhat easily 
scratched or cut. It has an inherent 
fiexibility with very slight elastomeric 
properties. In thin sections it is soft 
and readily deformable but does not 
have the limpness of plasticized poly 
vinyl chloride films. In thick sections 
it is somewhat stiff but not nearly as 
stiff as unplasticized PVC. 

In much of its behavior polyethylene 
resembles metals though its analagous 
properties are in a much lower tem 
perature range. It resembles a soft duc 
tile metal; while it has extensibility of 
200 per cent or more at rupture, these 
elongations are not recoverable. Cold 
drawings, as with many metals, in- 
creases the tensile strength. A type of 
failure, similar to the stress-cracking of 
brass, occurs with polyethylene if it is 
subject to excessive strains in contact 
with some organic liquids that ordina 
rily are without effect. 

Polyethylene is completely non 
polar, chemically stable, and absorbs 
very little moisture. It therefore has ex 
cellent electrical properties including 
low dielectrical constant and low powe! 
factor over a wide range of tempera 
tures; it is of great value as an electri 
cal insulator, particularly for high fre 
quency service. Lead-in wires for tele 
vision, for example, are insulated with 
polyethylene. Polyethylene is perme 
able to oxygen and carbon dioxide but 
not to water vapor. This combination 
is of importance in the packaging of 
certain vegetables. 

Low molecular weight grades of 
polyethylene have poor tensile strength 
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but are of value as paper impregnants 
or for improving the characteristics of 
paraffin wax. It was recently announced 
that on exposure to radiation polyethyl- 
ene undergoes cross-linking, the net 
effect of which is to raise its softening 
point and convert it to a more rigid 
material. Other after-treatments of 
polyethylene have been suggested, but 
none is yet extensively practiced. 

One of the more spectacular uses of 
polyethylene is in flexible bottles some 
of which have been made as large as 
carboys. Polyethylene is used for all 
sorts of closures, food canisters, drink- 
ing cups, refrigerator dishes, etc. Larger 
and larger pieces are being injection- 
molded. Film is used in prefabricated 
lines for a large variety of containers. 
One outlet that will probably increase 
with time is for piping to carry cold 
water (Fig. 4). 

Highly purified ethylene is required 
for the manufacture of polyethylene. 
The polymerization takes place at 
around 1000 atmospheres and 200 C. 
Tubular reactors are used and the de- 
sign involves problems of heat removal 
as the reaction is quite exothermic. 
Conversions of about 20 per cent per 
pass are obtained and after separation, 
recovered ethylene is recycled until the 
impurities build up to a critical value. 





SIGHT FLOW INDICATORS 
“See What Goes On Inside” 

For insertion into pipe 

FOR EVERY APPLICATION 


BRONZE, IRON, STEEL, 
STAINLESS STEEL 





FIG. 29 
Cylinder with 
Impeller 





FIG. 17-28 
Cylinder 





© FIG. 215 
Flanged 
FIG. 212 
g to Visibility 
Window Welding 
Neck or 


Screw 
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Flapper Rotating Wheel Type 





All sizes up to 6” Send for Catalog 


ERNST WATER COLUMN & GAGE CO. 
LIVINGSTON, N. J. 
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Some work has been done on a low 
pressure process, but little information 
is available. 


Size No Obstacle 

Polyester Plastics. The polyesters are 
a natural outgrowth of the alkyd resins 
which chemically can also be consid- 
ered polyesters. The saturated poly- 
ester made from terephthalic acid and 
ethylene glycol is the material used for 
Dacron fiber. The same polyester is 
produced in the form of sheet and of 
film which have very desirable prop- 
erties as a backing for photographic 
emulsions. Commercial production of 
this material is still in the early stages. 

Ordinarily, the term polyester is used 
to describe condensation products 
made from dibasic acids, some of 
which are unsaturated, and from gly- 
cols; these condensation products are 
cross-linked by means of a polymer- 
izable monomer. For example, maleic 
and phthalic anhydrides may be re- 
acted with di-ethylene glycol to form 
a viscous liquid. To this polyester there 
is added some styrene and a polymer- 
ization catalyst. The resulting mixture 
under the influence of heat, is con- 
verted to a solid by cross-linking of 
the linear unsaturated polyester chains 
through the medium of the very reac- 
tive styrene. Other cross-linking agents 
may be used, such as vinyl acetate, 
methyl methacrylate, and poly-unsatu- 
rated compounds such as di-allyl phtha- 
late. 

The temperatures required for cross- 
linking are relatively low and since no 
gas is evolved in the reaction, high 
pressures are not required for final re- 
action. While products without fillers 
have been produced, in most cases 
composite structures are fabricated 
with glass cloth or mats, or paper or 
fabric. Relatively large structures may 
be built out of such combinations, for 
example, the Corvette automobile 
body. The rate of production, however, 
is rather slow at present, as the me- 
chanical devices for making relatively 
complicated shapes have not yet 
evolved. Simple shapes, such as large 
corrugated panels made with fibrous 
glass mats, have appeared on the mar- 
ket in recent years and are becoming 
farily well established as an architec- 
tural material. Chairs of modernistic 
design have been made from similar 
materials. During the war, small boats 
were made by polyesters and much was 
expected from these plastics in the im- 
mediate post-war era. Until recently 
polyesters have been somewhat of a 
disappointment, but they have received 
a renewed impetus from the develop- 
ment of improved fabricating tech- 
niques. 
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Miscellaneous Plastics 

A large number of miscellaneous 
plastic materials are employed for spe- 
cial purposes because of particular 
combinations of properties. Among 
these is polymethyl methacrylate, 
where superior shock resistance over 
glass and perfect transparency are the 
two properties that have brought it 
prominence. Sheets are standard trans- 
parent materials for airplane windows 
and other transparent enclosures of 
military planes. Watch and instrument 
crystals and automobile tail lights are 
usually made of methyl methacrylate. 
But one drawback to their extensive 
use, in automobile and railway glazing, 
is their poor abrasion resistance. 

The acrylate esters, as distinguished 
from the methacrylates, are much 
softer. They have, however, found ex- 
tensive use in coating compositions, 
textile and leather finishes and the 
monomers are useful in mixed poly- 
mers. 

Early in its development, nylon was 
used for the manufacture of monofila- 
ments for brushes and today practically 
all of the synthetic bristles in use are 
made of nylon. Much effort has also 
been devoted to the possibilities of 
nylon for special plastic applications. 
A number of varieties of molding nylon 
are now available and recognized for 
some unusual properties: Resiliency, 
strength, toughness, and low coefficient 
of friction against many metals. It is 
recognized as a very superior material 
for small gears, bearings, and valve 
seats. The automobile industry is using 
small nylon parts to an increasing ex- 
tent. Recent surveys indicate that con- 
siderable expansion in the use of 
molded nylon will take place in the 
next few years. One of its handicaps is 
its relatively high price, but this will 
probably come down as more manufac- 
turers enter the field. 

Another class of materials, the sili- 
cones, possess unique properties attrib- 
utable to the presence of silicone in 
combination. These are not the first 
organic-inorganic polymers, as_ they 
were preceded by polyvinyl chloride. 
Silicones or polysilanes are heat stable, 
serviceable at elevated temperatures, 
relatively resistant to oxidation and 
aging, water repellant, and have good 
dielectric properties. As electrical in- 
sulating materials they have made it 
possible to operate equipment at 180 C. 
This, in turn, allows the operation of 
a given motor or generator at increased 
ratings and higher overload, thus re- 
ducing first cost. Silicones are also used 
as water repellants for textiles, as pro- 
tective coatings, as lubricants, as sili- 
cone rubber in gaskets, diaphragms, etc. 


(Part III to come). 
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Now, from Du Pont laboratories, comes a new DULUX 
Tank White Enamel that offers even greater savings for 
the petroleum industry! This new DULUX, in addition 
to these important improved properties, is still the durable 
white enamel that reflects the sun’s rays with maximum 
efficiency . . . keeps tank interiors cooler to protect both 
the quality and quantity of stored products. Refineries 
report DULUX actually cuts evaporation losses as much 
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and dirt collection 





retained whiteness 


stays whiter 








NEW DULUX" TANK WHITE ENAMEL 


offers greater savings than ever! 


Improved gloss and refiectance value 
keeps tank interiors cooler... reduces 
evaporation losses even more 


Over 25% higher build (without sagging 
or wrinkling) lengthens painting cycles 
. + - reduces repainting costs 


Harder, faster drying minimizes bug 


Improved mildew resistance means 


Over 20% higher hiding—starts whiter 


And with new DULUX Tank White you can apply 
two coats of paint in one operation—the second sprayed 
at right angles immediately after the first. With only one 
scaffold setup, you save on time and application costs. 
New DULUX resists corrosion, industrial gases and rough 
weather, too, because it’s chemically engineered to do 
the job better, year after year. For further information 
on the many ways new DULUX Tank White can save 




















as 80%! money for you, mail the coupon today! 
SEND FOR FREE BOOKLET. BEAT THE 
HEAT is an informative, illustrated 
booklet that tells how Du Pont DULUX 
Tank White Enamel can help you save 
money. Send for your free copy today. 
REG. U.S, pat. OFF. " ” uae lat oak cs coe oan ole ne 
| E.I. du Pont de Nemours & Co. (Inc. ) 
F | i d | Finishes Division, Dept. PE-56, Wilmington 98, Del. 
etro eum r ustry | Please send me, free of charge, your illustrated booklet BEAT 
| THE HEAT. 
Fi + b l 
mis es | Name 
Du Pont has the right finish for 7 Title 
every petroleum industry need _ 
PRODUCTION - PIPELINE - REFINING | 
MARKETING - MARINE | - Address 
BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY L City and State 
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Natural Gasoline Industry Progress... 


PETROCHEMICALS, 





L. O. Crockett, general manager 
of Gulf Oil Corporation's Chem- 
ical division, who discussed at 
length “The Natural Gasoline 
Producer's Stake in Chemical 
Manufacturing.” 


CHEMICAL projects based on sound 
chemical and economic thinking en- 
tered into with awareness ofthe prob- 
lems involved, blessed with adequate 
financing, and pursued with tireless 
determination should have every 
chance of success,” said L. O. Crockett, 
general manager of the chemicals di- 
vision of Gulf Oil Corporation, at the 
34th annual convention of the Natural 
Gasoline Association of America in 
Dallas, Texas. 

Here the speaker, one of the out- 
standing leaders in the refining indus- 
try’s petrochemical developments sum- 
marized the formula for success in this 
most rapidly expanding of all chemical 
fields. The petrochemical market de- 
mand that the natural gasoline pro- 
ducer may supply varies little from 
month to month, and offers one poten- 
tial outlet for the greater production 
of LPG that the industry faces. The 
activity of supplying raw material to 
the chemical industry may be profitable 
for the natural gasoline maker without 
involving him in the complexity and 
heavy financial investment that go with 
actual chemicals production. Long 
after natural gas-gasoline hydrocar- 
bons cease to be available in quantities 
sufficient to cause them to be impor- 
tant in the fuels picture, they will be 
plentiful enough to be the main source 
for chemical raw materials. The nat- 
ural gas operator who has joined ex- 
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perience and know-how in supplying 
petrochemicals: previously will be in 
better position to continue profitable 
operation than will be the operator 
who knows only the fuel market. 
The natural gas company will not 
be alone, nor will it be without com- 
petition in supplying the raw materials 
for chemicals. That company must do 
considerable research and must build 
up a staff that can solve some of its 
own technical problems. Chemical 
manufacturers require normally a large 
number of close-cut, well-fractionated 
raw products. Some idea of the prog- 
ress in petrochemicals is shown by the 
fact that in 1953 petrochemicals were 
produced in the amount of 12,650,000 
tons, worth three billion dollars and 
thus nearly half the value of all chem- 
ical production. The rate of growth 
during the next several years is ex- 
pected to be nearly as great as it has 
been during the last 20 years. If this be 
true, the industry should show a 150 
to 170 per cent increase during the 
next 20 years. Ethylene from natural 





Left to right, R. E. Walker and R. C. Beam, 
Armco Corporation. 


Left to right, R. H. Westhoff, Stanolind Oil 
and Gas Company, and Harry Thomas, 
The Tuloma Corporation. 


LPG 


Are Big Factors 


and refinery gases is one of the largest 
products, going especially into syn- 
thetic ethyl (grain) alcohol and into 
polyethylene plastic, the so-called 
squeeze-bottle plastic, and it is esti- 
mated that by 1957 we shall use 600,- 
000,000 Ib, or 300,000 tons of poly- 
ethylene annually. Other applications 
of ethylene are to make ethylene oxide 
from which is made ethylene glycol, 
so-called permanent antifreeze; ethan- 
olamines when combined with am- 
monia, used in the industry largely to 
remove sulfur compounds and carbon 
dioxide from raw gas. 

From butanes-and-heavier natural 
gasoline may be synthesized the various 
aromatics, largely via catalytic reform- 
ing of natural hydrocarbons, yielding 
benzene, toluene, the xylenes and heav- 
ier aromatics of which huge quantities 
are obtained and used by industry. 

Fractionation is becoming an in- 
creasingly important factor in natural 
gas Operations, and much attention is 
being given to improving methods and 
equipment. The introduction of perfo- 





Stan McAnelly, Lone Star Gas Company, 
and H. R. Legatski, Phillips Petroleum 
Company. 


Joe LaFortune, independent operator of 
Tulsa, Oklahoma, and H. W. Ferguson, 
Refining vice president of Humble Oil and 
Refining Company. 
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RYing... 


one of your problems... 
our full responsibility 























Some Lectrodryers are built on a production-line basis. 
Most, however, are engineered and manufactured to 
suit each particular DRYing assignment. 





Lectrodryer* engineers have a wealth of 
DRYing experience. For 23 years they’ve been 
helping processors get rid of unwanted 
moisture in air, gases and organic liquids. 
That experience is at your command, at 
no extra cost. 

Why design, build and gamble on the 
effectiveness of an unproven drier? No need 
for you to have the bother, extra expense and 
delay which so often develop in a new product. 
Lectrodryers have demonstrated their DRYing 


ability. We have standard units which fit 
many requirements. 

Let our engineers advise you on DRYing 
methods and equipment while the job is still 
on the drawing board. You may save at several 
points and, when the Lectrodryer gets on- 
stream, you know it’s going to work. 

For DRYing help and free literature that 
will assist in your planning, write Pittsburgh 


.Lectrodryer Corporation, 334 32nd Street, 


Pittsburgh 30, Pennsylvania. 


in England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
In France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 
In Belgium: S. A. Belge Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege 
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LECTRODRYER 


To obtain more information on products advertised see Page E-43 
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Left to right, R. C. Frederick, Gulf Oil 
Corporation, talks it over with Dr. E. D. 
Crittenden, Nitrogen division, Allied Chem- 
ical and Dye Corporation. 


rated trays shows some reason to ex- 
pect that this design may supply the 
conventional bubble-tray for careful 
fractionation. The same is potentially 
true in absorber service without refer- 
ence to design of trays. Within the 
range of 20 to 40 trays in an absorber, 
actual tests on plant equipment have 
shown that the number of theoretical 
plates does not increase with increase 
in the number of actual plates installed; 
the work was done on an absorber by 
Stanolind Oil and Gas Company en- 
gineers. From this work, these men 
now question the advisability of em- 
ploying an average overall plate effi- 
ciency value. The tests indicate a trend 
toward lower plate efficiency for indi- 
vidual components, as the volatility in- 
creases from the butanes through 
methane. 

Perforated trays have been found 
“entirely satisfactory” for service in 
absorbers so far as capacity and effi- 
ciency considerations go, R. E. Kelley 
stated. In a test absorber, a perforated 
tray had greater capacity than did the 
bubble tray used originally. Estimates 
were worked out that indicate a single- 
pass perforated tray with blanking 
strips removed has essentially the same 
Capacity as a four-pass bubble tray. The 
perforated tray is claimed to have ad- 
ditional advantages in initial cost and 
in lower pressure drop. 

In carrying out an economic study to 
determine if a given amount of gas 
will justify the installation of a “vest 
pocket” gasoline recovery plant, the 
same factors must be evaluated as 
those studied in considering a large 
unit, says R. B. McLaughlin of North- 
ern Natural Gas Company. The finan- 
cial returns from the products will de- 
termine the possible revenue. The 
amount of gas will determine the size 
of equipment needed and also the cost 
of this equipment. The composition of 
raw gas along with quantity of the gas, 
will show the total production possible 
from the unit. 

Although the portable gasoline plant 
idea has existed for some time, it re- 
quired the present situation, where gas 
wastage is prevented by law, to bring 
out the careful consideration of the use 
of this type unit, he indicated. The 
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Frank H. Love, editor-in-chief of The Pe- 
troleum Engineer, talks shop with W. R. 
Brown, The Texas Company, and R. D. 
Ricketts, Fish Engineering Company. 





Ray Riddle, Riddle and Hubble Company 
(left), looks for an answer as he talks 
with Gordon Cain (center), and ‘Doc" 
M. W. Conn, Perco division of Phillips 
Petroleum Company. 








B. L. Morgan (left), and K. L. Per- 
rier, both of France Packing Com- 
pany, compare notes on the meet. 


total quantity of product that will be 
recovered by these small plants, when 
employed to prevent waste of natural 
resources, will add up to a respectable 
figure. 

Severe corrosion in a glycol dehy- 
drating unit in a gas line was improved 
by placing more cooling equipment up- 
stream of the dehydrator to lower the 
gas temperature going into the unit; 
by adding a corrosion inhibitor (poly- 
ethanol rosin amine type) diluted with 
kerosine, at the rate of 0.1 gal per day 
for 6,000,000 cu ft of gas, and by re- 
ducing the amount of oxygen in the 
gas by admitting higher pressure gas 
to the compressor intake whenever the 
inlet pressure dropped to one psi. Re- 
sults of this program, say Will Swerd- 
loff and Maryann Duggan of Magnolia 
Petroleum Company indicate that 
while test coupons give indications of 
corrosion conditions, inspections are 
required to show how equipment is be- 
ing affected by the program; also, that 
careful and continuous attention must 






A “Cozy Corner"’ with K. H. Clough (left), 
M. A. Smith, and Jim Cooper, all of W. H. 
Curtin Company, confabbing. 


Warren Petroleum Vice President H. W. 
Harts, at left, swaps stories with Stanolind 
Oil and Gas Company’s D. B. Edwards, 
center, and C. E. Wharton, also of War- 
ren Petroleum. 


be given to details of the routine to ob- 
tain maximum benefits from the treat- 
ments. 

Also at the meeting, a great number 
of industry problems were discussed: 
LPG problems and their solution; fed- 
eral and state control of gas produc- 
tion, transportation and sale; equilib- 
rium ratios and other technical matters 
important to the industry’s operations; 
and these and other subjects filled the 
three days of sessions. xe 
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REFINERY PLANTS SCHEDULED FOR COMPLETION 


Cat reformer for Louisiana plant. The 
Southwest Gas Producing Company — 
Feasel Interests natural gasoline plant at 
Duback, Louisiana, will install a catalytic 
reformer unit, to upgrade all production 
to the 89-95 research octane number mo- 
tor fuel range. Fish Engineering started 
construction in May, expects to complete 
and put unit on stream in September of 
this year. 


xk 


Cat cracking unit for Italy. Socony- 
Mobil Italiana will build a new cataly- 
tic cracker, presumably a moving-bed. 
Thermofor unit, at its Naples, Italy, re- 
finery. Amount to be spent is not an- 
nounced, but Socony is reported to have 
bought about $11 million in “two types 
of U. S. Government guarantees” to cover 
the expenditure. 


x kk 


New West Coast chemical plant. Stand- 
ard Oil Company of California has begun 
work on a new $16,000,000 chemical fer- 
tilizer plant. The new plant will manufac- 
ture ammonia and nitric acid and is be- 
ing built at the company’s Richmond, 
California, refinery. By-product hydro- 
gen from oil refining operations will be 
used in making the ammonia. 


xk 


Braun to build refinery. C. F. Braun 
& Company will be the contractor for the 
construction of a new $100,000,000 re- 
finery to be built 15 miles south of Wil- 
mington, Delaware, for the Tide Water 
Associated Oil Company. The plant will 
have a capacity of 130,000 bbl of crude 
oil daily and will include the largest cata- 
lytic cracker yet constructed, with a total 
charge capacity of 102,000 bbl daily. The 
new facility will also include the largest 
fluid coker ever constructed, with a ca- 
pacity of 42,000 bbl per day. 


kkk 


Ammonia plant for Puerto Rico. A 
new, 12% million anhydrous ammonia 
plant is scheduled for building in Puerto 
Rico soon, says L. R. Gonzalez, Gonzalez 
Chemical Industries president, San Juan. 
Unit is to be financed via Glore, Forgan 
& Company, four insurance companies 
participating. Local banking facilities will 
make up the balance of the money needed, 
the route being through issuance of bonds. 
Unit, located on Guanica Bay, south coast 
of the island in deep water, will make 
42,000 tons per year. Lummus company 
will design and build; Cox & Weinrich, 
Washington, D. C., are engineering con- 
sultants for the chemical company. 


xk 


Canadian cracking catalyst unit. Ca- 
nadian subsidiary of Davison Chemical 
Company, will build a $6,000,000 fluid 
cracking catalyst plant near Montreal, 
Quebec, Canada, that will supply all of 
this catalyst needed by Canadian refin- 
eries. Site has been acquired and design 
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and engineering plans have been made up 


by Badger division of Stone & Webster 


Engineering Corporation. Reports say 
construction work is well under way. 


xk 


Caltex-Sarpom Expansion in Italy. 
Construction of a new catalytic cracker, 
a polymerization plant and a vacuum unit 
are the main items in the current expan- 
sion of this refinery at San Martino de 
Trecate, Italy. A 97-mile, 8-inch pipe line 
connects docks on the Gulf of Genoa to 
the refinery, handling 12,500 bbl per day 
of tanker-borne crude for the plant’s op- 
erations. 


*.* & 


Cat Reformer for Germany. A 3500 
bbl per day Houdriformer unit has been 
contracted for by G. E. Raffineris Ems- 
land, at Lingen, Germany, with Houdry 
Process Company and the Lummus Com- 
pany, engineers and builders. Unit will 
be completed by late 1955, and will aug- 
ment the output of the 17,500 bbl per 
day Houdriflow unit in the plant. 


kkk 


Carter’s Hydrofiner-Cat-Reformer. A 
6900-bbl hydrofiner unit and a 2500-bbi 
catalytic reformer unit will be built im- 
mediately at the Billings, Montana, refin- 
ery of Carter Oil Company, Esso Standard 
subsidiary. Fluor Corporation has the con- 
tract, expects to complete by January 
1956. Design includes four 70-ft towers, 
furnaces, compressors, reactor vessels and 
auxiliary items. 


Foster Grant expands styrene capacity. 
Boosting its styrene monomer capacity at 
Baton Rouge, Louisiana, from 24,000,000 
Ib to 50,000,000 annually, using a Ger- 
man process for the synthesis, this com- 
pany is already shipping styrene to 
Copolmyer Rubber & Chemicals plant 
nearby. The latter is one of the first gov- 
ernment-owned rubber plants turned over 
to private purchasers. Part of the new ca- 
pacity will supply the monomer to the 
polymerization unit at Leominster, Mas- 
sachusetts, which was also expanded. 


x ae 


More expansion, Montreal East. A 
$14,000,000 bill for expansion of its 
Montreal East, Canada, refinery from 
44,000 bbl to 55,000 bbl per day capacity 
will be incurred by Shell Oil of Canada 
between now and mid-1956. A new vacu- 
um flashing unit, and a boost to cat 
cracking capacity from 16,500 to 19,500 
bbl per day, will cost $4,000,000. These 
additions are already under way and will 
be completed by the end of 1955. A. G. 
McGee Company is building the vacuum 
unit, company staff the cat cracker expan- 
sion. A 15,000 bbl per day crude unit is 
being rebuilt to handle 26,000 bbl daily, 
also by McKee. A cat reformer and 
hydro-desulfurizer will start construction 
this summer, by Procon Ltd. 


xk * 


Spencer plans expansion. Spence: 
Chemical Company plans to spend $1.5 
million at Vicksburg, Mississippi, to raise 
its capacity for making ammoniating so- 
lutions and nitric acid; quantities are not 
yet mentioned. 
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A New 306-Ton Deresining Tower, the heaviest of its kind ever erected in 
one piece in the world, is raised into position on its new home site at Humble Oi! and 
Refining Company's Baytown refinery. The new tower is 94 ft long, 13% ft in diameter 
and has steel walls more than 3 in. thick. The Texas-size tower was designed to improve 
the manufacture of lube oils. 


C-61 








| Shale unit plans in progress. Union (jj ae i i 
| Company of California has pickeg 
Stearns-Roger Manufacturing Company 


as engineer on its planned shale demop. 
stration plant in Colorado. The engineer; 
and the company’s research department 
are working together to determine the = 


plant site, construction schedules ang 
other details, that include a 1000-ton-per. ee 
| day shale retort. Company has 50,00 —- 
| acres of oil shale holdings; it will work = 
in Colorado and in its California labora. 
| tories to discover the costs of a large 
| shale unit and to determine the profitabjl. 
tity of shale oil development, spending q Big Horr 
total of $5,000,000 on the program. 


Ar-Mex 














| Butte Pi 
| kkk 
Kaybee 
New Catalyst Unit for Canada. A $6, Michi, | 
000,000 plant near Montreal, to be built 
SF SEAL by Davison Chemical Company, Ltd, NNCW 
: Canadian subsidiary of the Davison com. _ 
ae eee pany of the U.S., will be under construc. ong 
TYPE P7. tion soon. Badger division of Stone & 
* * 


design and engineer the plant, which when Powder 


| Webster Engineering Corporation is to 
| operating will meet at Canada’s needs 
| 
| 

















for fluid cracking catalyst. _ 
FOR HIGH TEMPERATURE - HIGH PRESSURE SEALING teosev 
kkk a 
DURA SEAL TYPE P.T. is the engineered rotary mechanical seal for meeting severe sealing | Sinclai 
conditions. Pressures from 50 psi to 1000 psi... temperatures from minus 80°F. to Gasoline Testing Laboratory. A new West ¢ 
450° F. For sealing all fluids except molten alkali metals and some flourine compounds | laboratory for testing gasolines is to be U. S. 
in the higher temperatures. For information on applications... built in Houston, Texas, by Ethyl Corpo- 
| ration for service to the refiners of the 
Write today for Dura Seal Catalog No. 455-PE West Coast region, to be completed later 
a | this year. This will be the sixth service Ameri 
DURAMETALLIC CORPORATION, Kalamazoo, Michigan | _ testing laboratory operated by Ethyl. New . 
facilities will include an X-ray photom- — 
eter, with which tetraethyllead content of H. W 
a motor fuel can be determined in about 
six minutes, a much shorter time than is bell | 
required by conventional analytical oval 
methods. Co 
Buck 
xk kk 
Magnolia-Phillips Gasoline Plant. In Calif 
Garvin County, Oklahoma, a gasoline ex- 
traction plant of undisclosed capacity will Deer 
be built soon, to recover natural gasoline 
and LPG liquids from gas from N.W. BP 
Purdy, West Lindsay and Bradley area Goli 
; fields. A new, 140-mile, 24-in. line will be 
Round val f . ; ba seihaas, -seetag Ay 
lined...no obstructions to re. | ‘laid by Transok Pipe Line Company to int 
strict the flow of liquid. W carry the dry gas to Tulsa, where it will Inte 
* INCREASE PUMP VOLUME AT LESS PUMP SPEED! JE _ sd patie Adages niga Company's Key 
HANDLE ALL TYPES OF FLUIDS EFFICIENTLY! Ma 
e ADAPTABLE TO ALL RECIPROCATING PUMPS! oe + ee 
You can increase the life and efficiency of your re- a 
ciprocating pumps by installing ROYAL CROWN Big crude unit for Whiting. A 55,000 
PUMP VALVES. These revolutionary valves are - wr : “9 wailt _ er ee ae 
. * as * ass . Ball-guided valve rotates an ‘ 
guided by a friction-less ball stem (not a rigid guide), swings with each stroke of its Whiting, Indiana, refinery by C. F. _ 
which allows them to oscillate and turn with the fluid — pump. Each turn, each swing— 


Braun Company. This unit will boost the 
stream. This means considerably less resistance to the © Perfect seat. W _ | plant’s crude capacity to S20 UAE So 
fluid which results in greater pump volume at less day and will start operating early in 1956. 

. . Also planned are a 6000 bbl per day So 
pump speed. Simple construction means long trouble- Ultraformer unit, and other facilities for | 
free life. its Mandan, North Dakota, plant built 


OUTSTANDING FEATURES last year. i 
@ Releases flow instantly and seals flow instantly. 
@ No springs required to force the valve to seat. ibe : : xk*we 
@ No crossbars in seat to restrict the flow. Ceo the tan of mo ag Su 
@ Valve cannot bind in any position...will not flutter. close instantly. The ball stemis | First Yorktown plant contract let. Con- Te 
@ Made in all sizes and in all suitable metals. a frictionless guide. W | tracts for building a 35,000 bbl per day 
WRITE FOR FREE LITERATURE crude unit and a 30,000 bbl per day fluid ¥ 


catalytic unit and polymerization unit 
have been let by American Oil Company, 
to M. W. Kellogg Company, unit to be A 
the first in the Yorktown, Virginia, re- 
finery. Other contracts for preparing site 
and port facilities have been let. 


ES Mavsen Iron Works,me. 
Subsidiary of Baldwin-Lima-Hamilton Corporation 
Vy 14100 EAST ROSECRANS AVENUE, P. O. BOX 38 


LA MIRADA, CALIF., U.S. A. 
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PIPE LINE DEVELOPMENTS 


xk kk * 





Roundup of Current Planned and Proposed Construction 











PIPE PIPE 
AME OF COMPANY MILES SIZE LOCATION NAME OF COMPANY MILES SIZE LOCATION 
N 
CRUDE LINES Arkansas-Lovisiana Gas 136 8to 24 Loops on System 
. . Company 
Ar-ex Pipeline Co. 790 12-14 Guernsey, Wyoming to Cool- | Central Hudson Gas and 48 12 TGT line to Kingston, N. Y. 
ipe Li idge, Arizona Electric Co. 
Big Horn Pipe Line Company 150 8 — gh lg ag el City of Fayette, Alabama 20 5 Fayette, Alabama, to Southern 
A i Natural's system 
Wyoming . ‘ 2 
Butte Pipe Line Company 455 16 ‘Welllisten: Balla. arene? East. va? Counties Gas Electric 40 3-4-8 ~—- _ Valley Region, Cali 
ern Montana to Gurley and se tid rave 
Ft. Laramie, Wyoming Coastal Transmission Corporation 400 30 McAllen to Beaumont, Texas 
Kaybee Pipe Line Company 46 10 Griffith, Indiana, to New Buf- (¢/o Delhi Oil, Dallas) 
falo, Michigan Colorado Interstate Gas Company 365 22 Green River, Wyoming to 
Michi, Inc. 222 10 Highland, Indiana, to Elsie iii eet oa Poor ia — “ 
and Alma, Michigan colorado Interstate Gas Company - ulesburg area to Denver, 
A : ‘ Colorado 
MNCW Pipe Line Co. 127 9 oa te Saper, Colorado-Western Pipe Line Co. 328 16-18 i field to Pueblo and 
Orchard Pipe Line 45 8 Orchard to Merino, Colorado c ‘ igh 
‘. os me . : olorado-Western Pipe Line Co. 454 — Cortez to Denver System 
Peace River Oil Pipe Line Co., Ltd. 200 12-16 Peace River area to Edson sta- Colorado-Western Pipe Line Co. 250 <=, “Saseett tnee 
tion on TransMountain near 
Edmonton, Alta — and Allegheny 31 12 Garrett County, se a to 
Powder River Pipe Line Company 436 10-16 Williston Basin to Laurel and El tg ies te 370 Pie pal yl ie 
Billings, Montana . _ ’ P 
Proven Oil & Refining Company 32 8 Connection with West Coast Rene, Nevede x - 
Pipe Line to Florence, Ariz. | El! Paso Natural Gas Co. 74 _ ——. to Ba tgp Basin- 
Roosevelt Oil & Refining Corp. 22 4.6 St. Helen to Norwick, Michigan : n Juan Basin system 
Skelly Oil Company 14 6 Unes te Bene ond Kleomee Fort Worth Basin Gas Company — os —— Comanche counties, 
counties, Kansas = 
Sinclair Pipe Line Company 31 12-16 Monee to Lemont, Illinois ee Natural 206 6-12 Additions to Nebraska system 
West Coast Pipe Line Company 960 20-22 = to Norwalk, Cali- Manufacturers Gas, Light & Heat 40 — Allegheny, Washington, and 
U. $. Department of Defense 97 — Crude line from Elk Hills Naval ' Beaver counties, Pa. : 
Reserve to Los Angeles, Manufacturers Gas, Light & Heat 213 3 to 26 beg = on —_- in 
Californi a., W. Va. and Ohio 
—! Manufacturers Gas, Light & Heat 72 16-20 Doddridge, Wetzel and Mar- 
PRODUCTS LINES shall counties, West Va. 
American Pipe Line Company 1910 8 to 26 Beaumont, Texas, to Newark, | Michigan Consolidated Gas 25 Sparta to Muskegon, Michigan 
New Jersey, with laterals Company | oss die 
fatten Pipe Line Company 130 8 Tecsen to Coolidge to Pheonix, ——e Pipe Line 252 4-24 Loops and stations in ittinsks 
Arizona : be P : 
H. W. Bass & Sons, Incorporated 152 4-6 Duval and Live Oak counties, Mississippi River Fuel Corporation 190 10-18 Laterals in Woodlawn and 
Texas, to Corpus Christi, Waskom gas fields, Texas 
Texas Morganfield Natural Gas 31 4-6 Through Sturgis, Providence, 
Bell Oil and Gas Company 140 6-8 Ardmore to Cushing, Oklahoma Tia ian, 
Bo il M i i . 
ae — 400 10 Silent & Toews Sie, Wem aay Gas Pipe Line Co. 350 20-26 — to Wise County, 
Buck Pipe Li . a is d of America exas 
mes Tipe Sine Senay ad . ere + ee cae Natural Gas Producer, Inc. 100 12 Yenter pool to Denver, Colo- 
Wolverine Pipe Line near rado 
Michigan-Ohio border to | Natural Gas Producer, Inc. 61 4-10 Northeast Colorado lines 
Cleveland, Ohio Natural Gas Storage Company 35 36 Storage field areas near Chi- 
California-Oregon Pipe Line System 103 6 Crescent City, California, to cago to main lines 
Medford, Oregon New River Gas 50 — Sumners to Monroe counties, 
Deep Rock Gas Company (LPG Line) 120 6 Tioga, North Dakota to U. S. West Virginia 
Canadian Border North Dakota Natural Gas 475 6-12 Statewide system in North 
El Paso Natural Gas Co. (LPG Line) 119 3-6 Bloomington to Gallup, New Company Dakota 
Mexico Northern Indiana Fuel & Light 35 8 Edgerton to Alburn, Indiana 
Goliad Corporation (LPG Line) 117 4-6 Kittie Plant to Corpus Christi, | Northern Natural Gas Company 330 2-12 System in South Dakota 
. Texas ; . Northern Natural Gas Company 310 24 Lines in North Dakota 
Inland Corporation 37.5 10 Toledo to Fostoria, Ohio Northern Natural Gas Co. 403 24-30 Canadian border to Minneap- 
International Pipe Line Inc. 132 8 Wrenshall to Minneapolis, olis-St. Paul 
. . Minnesota Northwest Utilities Ltd. 42 — Bonnie Glen to Edmonton, Al- 
Keystone Pipe Line Company 48 8 Boot Station to Fullerton, berta, Canada 
Pennsylvania Pacific Northwest Pipeline Corp. 1486 Ignacio, Colorado to Belling- 
Malco Pipeline, Inc. 91 6 Prewitt to Albuquerque, New ham, Washington 
: : Mexico : Pacific Northwest Pipeline Corp. 380 Laterals and spurs off main line 
Mayflower Pipe Line Company 400 10 New Jersey refineries to New to Pocatello, Idaho, to Ya- 
England points kima, Washington 
Moore-Stoner Company 200 6 bag eo to Minot, | Pine Tree Natural Gas Co. 204 — Boston to Banger, Maine 
or akota ; ; 
Phillips Petroleum Company 50 — Ethylene line from Sweeny to Rockland Light & Power Company 22 ad net my ad Vouspures 
Pasadena, Texas : 7 eee 
Shamrock Pipe Line Corp. 100 6 Amarillo to Abernathy, Texas Shenandoah Gas Company 39 3-4-8 Middleton, Virginia, to Mar- 
Sioux Oil Company 50 & Newcastle, Wyoming, to Rapid tinsburg, West Va. 
City, South Dakota Tennessee Gas Transmission Co. 221 26830 Loops in Ohio and Kentucky 
Socony-Vacuum Oil Co. 5 12 Linden, New Jersey to Port | Tennessee Gas Transmission Co. 376 6-24 Gathering lines in Lovisiana 
Eastern Pipe Lines Socony on Staten Island, and Texas 
: : : a Texas Eastern Transmission Corp. 328 24 Beaumont to Kosciusko, Missis 
Southern Pacific Pipe Lines 800 6to16 New products lines system in sippi 
Company California, Arizona, New | Transcontinental Gas Pipe 125 — Ulster County, New York 
Mexico and Texas to be built Line Corporation (Pheonica) to New York City 
+ aa stant er Southern | Trans-Canada Pipe Lines, Ltd. 2247 14-34 Alberta area to Toronto, Mon 
‘acific Railroad Co. treal 
Standard Oil of Indiana 47 8 a > a ee Union Gas Company of Canada 180 — Dawn Storage field to Hamil- 
an anhattan to icago ton 
; - River Terminal United Natural Gas Company 50 12 Elk County to Jefferson County, 
Sunflower Pipe Line Company 265 3-6 Kearny, Grant and Haskell Pennsylvania 
(LPG Line) counties to Wichita, Kansas | Utah Natural Gas Company 40 16 Orem to Salt Lake City, Utah 
Texaco-Cities Service Pipe Line 45 8 West Tulsa to Cushing, Okla- Virginia Natural Gas Company 153 — Buckingham to Richmond and 
Company homa Portsmouth, Va. 
Winnipeg & Central Gas Co. 330 6 Tioga, N. D., to Winnipeg Warren Petroleum 54 4-30 Lea County, New Mexico 
(LPG Line) Westcoast Transmission Co., Ltd. 650 30 Peace hy area, Alberta, to 
U. $.-Canadian border 
GAS LINES Wilcox Trend, Gathering 16 6 Loop near Provident City, 
Alberta Gas Trunkline 315 18-36 Gas Gathering System in System, Inc. Texas. Also plans additions 
Alberta fields to gathering systems. 
American-Lovisiana Pipe Line 1120 22 &30 Lowry, Louisiana, to Detroit, Wyoming Gas Products Corp. oo — Gas gathering system in Wes 


Company 





Michigan 





ton County, Wyoming 
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VOICE 
COMMUNICATION 


VOICE 
COMMUNICATION 


MICROWAVE 
RADIO 
ASSEMBLY 


TELETYPE 


Westinghouse microwave performs a wide 

variety of pipeline functions, including re- 

mote, unattended operation. This multi- TELEMETERING 
channel capability, combined with proved 

reliability and economy, makes it a sound 

investment in efficient pipeline operation. 


vaF 
CONTROL 


, @£ 
| 
} 


SUPERVISORY SERVICE CHANNEL AND 
CONTROL ALARM INDICATOR 
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Westinghouse Microwave for Pipelines... 


Complete system 


at low cost 


Owning your private Westinghouse communications 
system gives you complete system control. Facilities 
can be changed or expanded as you need them. This 
is particularly true with Westinghouse microwave 
because of exclusive, advanced design features. Here’s 
how you get improved system control: 


Proved Dependability 


In one complete, packaged system you can get reliable 
communications, plus the most advanced telemetering 
and remote control — an ideal partnership for efficient 
operation. Every component is tested for reliability, 
proved by thousands of hours of actual operation — 
the result of successful installation experience. 


Low Cost 


Present and future costs can be calculated accurately, 
thereby controlled. Maintenance is low—kept even 


control 


lower by the use of simplified circuitry, built-in test 
facilities and easy accessibility. 


One Source...35 Years of Experience 


Westinghouse will assume full responsibility for your 
microwave system... from survey to final approval in 
service. This responsibility is backed by more than 
35 years’ experience with practically every phase of 
the petroleum industry. 


For More Facts: 


Call The Man With The Facts, your Westinghouse sales 
engineer. He will arrange a microwave system study 
for your pipeline, at no expense to you. Then, on a 
sound economic and technical basis, you can decide. 
Also, ask him for your free copy of B-5851 or write: 
Westinghouse Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. datciced 


you can be SURE...1¢ irs 


Westinghouse 
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Allindication, communication, and con- 
trol of a remote station are conveniently 
combined on a single panel. Centralized 


control like this keeps your pipeline 
Operations running smoothly. 
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Service channel gives contact with 
maintenance crew, speeds servicing. 
Completely independent of the 
operating channels, it does not inter- 
fere with their functions. 


To obtain more information on products advertised see Page E-43 








Extra reliability is provided by auto- 
matic switchover to stand-by radio 
and stand-by power. Shown here is 
a 5-kw generator set with engine 
starting and battery cabinet. 
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Pace-setting performance 


for liquid level and flow measurements— 


the Honeywell Differential Converter 





Every feature your 
application requires! 


Continuously Adjustable Range 
Simple Design 
Simple Field Calibration 
Low Air Consumption 
High Speed Response 
Withstands High Temperatures 
Resists Corrosion 
Easy Installation 


@ Plus these new features for 
liquid level measurements: 


Lower Ranges 

Extended down to 0-14 inches of 
water for liquid level applications. 
Versatile Calibration 


Direct-reading scale, with up to 
100% suppression of calibrated range. 


HE MERCURYLESS remote transmitter that has set new 

standards of performance in flow applications—the Honey- 
well Differential Converter—is now available in a new model 
for liquid level measurements in closed vessels. Suitable for use 
with either pressure or vacuum vessels, this model offers all the 
features of fast response, precision, convenience and ruggedness 
that have earned the Differential Converter wide acceptance 
throughout industry. 


Your nearby Honeywell sales engineer will be glad to discuss 
your requirements in detail. Call him today .. . he’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Divi- 
sion, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Bulletin 2291, ‘Differential Converter Liquid Level Trans- 


mitter,”” and for Bulletin 1160, ‘‘Measuring and Controlling Liquid Level.”” 


Honeywell 





BROWN INSTRUMENTS 
e a 
Hy) {ist iv Coutiols 
HONEYWELL 
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Manu factu re 


of A. O. Smith 
Line Pipe. a ; 





























QUALITY CONTROL 


works full-time in the manu- 
facture of line pipe at A. O. Smith. It’s everyone's 
detail on his own particular job. But in addition, 
one out of every five employees is a specialist in 
quality control. These inspectors closely and con- 
stantly check each operation during production. 
Their department, independently responsible to 
management, has full authority to stop any opera- 
tion for correction when necessary. 


QUALITY CONTROL begins outside of A. O. Smith. At 
the steel mill, A. O. Smith technicians cooperate with 
mill inspection and control. QUALITY CONTROL 
continues in A. O. Smith Metallurgical and Testing 
Laboratories. Finally, from the pickled plate to the 
shipping platform, it scrutinizes and checks every 
operation in the manufacture of the A. O. Smith pipe 


QUALITY CONTROL that never leaves the production 
line is yours at no extra cost when you choose A. O. 
Smith line pipe: Remember — QUALITY CON- 
TROL is as important to A. O. Smith as it is to the 
customer. Through it we seek to better serve our 
customers. 





Chicago 4 « Dallas 2 * Houston 2 * Los Angeles 22 « Midiand 5 
Texas « New Orleans 12 © New York 17 « Pittsburgh 19 
San Francisco 4 « Seattle 1 * Tulsa 3 * Washington 6, D. C. 
International Division: Milwaukee 1, Wis. 
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Nona Allis-Chalmers Type H high voltage starter is a 
complete control unit. Everything needed for efficient 
motor control and positive protection is engineered into 
one easy-to-install cubicle. 

Control functions, varying with specific job applica- 
tions, include full or reduced-voltage starting, accelera- 
tion, speed control, reversing or non-reversing, and dy- 
namic braking. 


A few of the many protective features 


Current-Limiting Fuses clear short circuit in less than 4 
cycle... long before short can damage contactor or motor. 


Overload Thermal Relay adjusts for ambient tempera- 
tures ... trips only on motor overload. Allows use of 
maximum capacity. 


Time-Delay Undervoltage Relay permits restarting if 
power is restored within its setting. 


Compartmented Enclosures isolate high voltages. Dead 
front construction and electrical interlock on fuse com- 
partment provide additional personnel protection. 


Choice of 
Air or Oil 


Contactors 





ALLIS-CHALMERS 
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Complete “Line-to-Load” 



























For complete information, see your Alllis- 
Chalmers representative, or write Allis- 
Chalmers, Milwaukee 1, Wisconsin. Ask 
for Bulletin 14B6410B. 


A-4580 
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American Hammered 
Conformable Oil Rings 




















AMERICAN HammerE? 
QNFORMABLE Ot RING 


Insures constant unit pressure 





for positive oil control! You keep your oil con- 


sumption down when you install Koppers American Ham- 
mered Conformable Oil Rings! This service-tested piston ring 
conforms readily to meet cylinder distortion because its flex- 
ible cast iron member is pressed outward by an abutment type 
spring which exerts uniform radial pressure around the entire 
circumference. 


Narrow bearing surfaces on either side of the channel give 
the ring a uniform unit pressure on the cylinder, enabling it 
toseat promptly and assuring maximum removal of excess oil 









y 
KOPPERS 
Ww 








KOPPERS COMPANY, INC., Piston Ring Dept., 1596 Hamburg Street, Baltimore 3, Md. 


ee 


throughout its lifetime. And the Conformable Oil Ring has a 
longer useful life because its low spring rate and uniform lands 
result in negligible changes in pressure as the ring wears. 


Easily installed, it is ideal for both 2-cycle and 4-cycle 
Diesel & Gas engines; comes in 4” to 25” diameters with a 
minimum width of 4”. Write, wire or phone us today for full 
information on how the Conformable Oil Ring can improve 
your operation ... or for expert help in any piston or sealing 
ring problem. Koprpers Company, INc., Piston Ring Dept., 
1596 Hamburg Street, Baltimore 3, Maryland. 


AMERICAN HAMMERED 


Industrial Piston Rings 


1 i 
® Gentlemen: Please send me full information on your Conformabie Oil Ring. | 
Fee Jcciimeionpeoeseaubeneateeateene. 1 
METAL PRODUCTS DIVISION ® KOPPERS | | 
COMPANY, INC. ® Baltimore, Maryland RE IE ech. SE RT ae | r 
This Koppers Division also supplies industry with 

Fast's Couplings, Aeromaster Fans, Koppers-Elex | NO A SEAR ECL EPG SEER ETE ND Beer ee, Se Ee TY aOR aN 
Electrostatic Precipitators and Gas Apparatus. | | 
Engineered Products Sold with Service DS Mics dicatettaasdicinmainameid aan ees I a ee in 
! eee Oe —™ 
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Attention, producers: prof it 
Adomite’ 











What it is. Adomite is a newly developed and 
thoroughly tested fluid-loss control additive for convert- 
ing lease crudes to superior fracturing fluids. 


What it does. Adomite effectively seals the frac- 
ture face and practically prevents loss of fluid into the 
producing formation. This results in longer fractures 
and deeper penetration of sand for a given job. Adomite 
also cleans up rapidly and does not contaminate the 
produced oil or the formation. 


How you profit. You get greater sustained produc- 
tion with a given fluid volume at much lower cost. 
Adomite may also enable you to make significant frac- 
tures in formations which have proved difficult to frac- 
ture with conventional techniques. 


Form and availability. Adomite is a dry mate- 
rial in flake form now available through fracture serv- 
ice companies, 


Utility. Adomite is easy and convenient to use. 
It is mixed directly into the crude or gelled crudes 
on the lease using only the standard mixing equip- 
ment necessary for fracturing. If the operator prefers 
a viscous material, Adomite may be used to reduce 






* Trade-mark, Continental Oil Company 
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the fluid loss of gelled crudes offered by many service 
companies. 


Adomite is equally effective in oils which have or 
have not been treated with emulsion breakers. It will 
tolerate small percentages of water sometimes present 
in crude on the lease and has little or no effect on vis- 
cosity of the oil. When Adomite is used, neither the 
formation nor the well’s early production is contam- 
inated with heavy residuals. 








How it works. Adomite greatly retards fluid loss 
into the formation. Thus more fluid is retained*to ex- 
tend the fractures, allowing the sand to penetrate more 
deeply to sustain increased production. 





A. LOW FLUID LOSS 
FRACTURING OIL JOB 
(USING ADOMITE) 







FILTRATE 





FILTRATE 





















NOTE: BOTH WELLS 
TREATED WITH SAME 
FLUID VOLUME 
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A new concept in hydraulic fracturing — 


proved by experrence! 
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RESULTS WITH ADOMITE PROVED BY EXPERIENCE 


Adomite gives greater fracture area at lower cost than when 
conventional high fluid-loss type fluids are used. Thus, the 
BOPD is greater and the cost of the fracture job is much 
less. 

To date, Adomite has been used successfully in over 500 
fracture jobs in different fields. Following are examples of 
actual cases showing typical results obtained when fractur- 
ing is done with lease crude to which a small fraction of a 
pound of Adomite per gallon has been added. 


1. Sustained Fracture Production—Ok/ahoma. First 
well fractured with Adomite in June, 1954. Production in- 
creased from 8 to 50 BOPD. Production 10 months later 
still 50 BOPD. Wyoming. Well fractured with 5,000 gallons 
Adomite-treated lease crude and 5,000 pounds sand. Pro- 
duction increased from 25 to 40 BOPD immediately follow- 
ing fracture. Six months later production was 65 BOPD. 






B. HIGH FLUID LOSS 
FRACTURING OIL JOB 


FILTRATE FILTRATE 
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NOTE: BOTH WELLS 
TREATED WITH SAME 
FLUID VOLUME ~ 
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Adomite—DEVELOPED AND MANUFACTURED BY CONTINENTAL OIL COMPANY 


2. Increased Production— West Texas. Well fractured 
with 10,000 gallons Adomite-treated lease crude and 20,000 
pounds sand. Production increased from 75 to 576 BOPD. 


3. Refracturing—Kansas. Well fractured with 10,000 
gallons Adomite-treated lease crude and 12,000 pounds 
sand. Flowed 216 BOPD. This was third time well had been 
fractured, the two previous times having been with conven- 
tional fluid. Well had been shut in before fracturing. 


4. Difficult Treating Area—South Louisiana. Well 
fractured with 10,000 gallons Adomite-treated lease crude 
and 10,000 pounds sand. Production increased from 0 to 
160 BOPD. Previous fracturing in area sanded out at less 
than 2,000 pounds sand with conventional fluid. 


5. Reduced Treatments— West Texas. Ina field, 10,000 
gallons of Adomite-treated crude oil injected at 8 bbl./min. 
gave as good, or better, results than were obtained in offset 
wells treated with 20,000 gallons conventional type fluid, 
injected at 40 bbl./min. 


6. High Bottom Hole Temperature—Sou!/i Texas. 
Adomite-treated lease crude has been used to put away 
6,000 pounds sand in a formation having a temperature of 
245°F. Ordinary fluids break down at this temperature. 


©1955, Continental Oil Company 
Ask your service company 
to use Adomite on your 
next fracture job 
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Announcing... 
A New Bethlehem Product fe 


XPANDED | 


LINE PIPE 


With the installation of facilities for hydraulic expansion well under way at the Steelton, Pa., 
plant, Bethlehem Steel Company will soon be able to furnish an unusually wide range of 
welded, large-diameter line pipe to the oil and gas industries. We invite your inquiries. 
















HIGH-TEST LINE PIPE HIGH-STRENGTH PIPE 


Cold expanded, electric-fusion-weld line pipe Pipe fabricated from alloy steels such as high- 


meeting API 5LX specifications, in diameters strength, low-alloy Bethlehem Mayari R steel 
from 18 in. to 36 in. Available in 40-ft lengths plate (50,000 yield). This pipe is immediately 
and in wall thicknesses to % in. Bethlehem is available as rolled in 40-ft lengths and in wall 
also equipped to coat pipe exteriors and interiors. thicknesses as required. All diameters from 18 in. 


For further information about Bethlehem Oil & Gas Pipe, 
please contact the Bethlehem sales office nearest you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 
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At Crose — The most modern tools — the most experienced 
craftsmen, produce America’s most rugged pipeline equip- 
ment. Years of dependable service are built into every piece 
of Crose Equipment. 


Designed by pipeliners—built by pipeline equipment special- 
ists . . . that’s why it is outstanding on pipeline construction 
jobs everywhere! 


ros © 


Manufacturing Company, Inc. 


2715 DAWSON ROAD @ PHONE 6-21722e TULSA, OKLAHOMA 


14693 EAST COLFAX AVENUE, AURORA, COLORADO @ 500 FIFTH AVENUE, NEW YORK CITY 
DISTRIBUTORS: CROSE-CURRAN LTD., EDMONTON @ CROSE PIPELINE EQUIPMENT CO., INC., NEWARK, N.J 
PIPELINE SUPPLY CO., HOUSTON 
















Prepared 
for 





trouble ? 








You don’t have to be armed to the teeth to 
avoid communications trouble. Not when your com- 
munications are supplied by the Bell System. 


A planned program of preventive maintenance 
is an important part of Bell System service. Its pur- 
pose is to prevent interruptions. 


In the laboratory, technicians are continually 
developing new and more efficient equipment. In 
the field, Long Lines technicians frequently visit 
critical points of your communications system to 
observe conditions and to improve operations. 


Alternate routings are an integral part of plan- 


TELEPHONE TELETYPEWRITER 
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MOBILE RADIO 
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ning by communications engineers to protect your 
service and prevent interruptions. 

The entire program is backed by the Bell Sys- 
tem’s 79 years of communications experience. 

We supply the pipe line industry with reliable 
private line telephone and teletypewriter service 
and provide channels for telemetering and super- 
visory control. 


Bell System communications engineers will be glad to 
survey your communications needs without charge. Call 
your Bell Telephone representative today. 


BELL TELEPHONE SYSTEM 





TELEMETERING AND REMOTE CONTROL CHANNELS 
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Gulf Interstate Uses Telemetering 
System to Obtain Operational Data 


P 655.81 


View of dispatcher’s: office at Gulf Interstate Gas 
Company's headquarters in Houston. In addition to 
transmittal of standard messages, the teletypewriter 
machine in rear of room also serves to report auto- 
matically telemetered operational data from key points 
on the company’s pipe line system. 


Digital Telemetering Via Teletype 


Sy Orlofsky* 





This is the second of two articles describing the communications 
facilities employed by Gulf Interstate Gas Company, newest of 
the nation’s major natural gas transmissions systems. The first 
article, which appeared in the May issue of The Petroleum Engi- 
neer, covered the full-period telephone, VHF radio and teletype 
channels, which provide the principal components of Gulf Inter- 
state’s communications network. The accompanying story de- 
scribes in detail the operation of the company’s amazing new 
telemetering system. 
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Tue PROBLEM OF ACCURATELY AND 
rapidly transmitting necessary operat- 
ing information from remote locations 
to a central control point is one that 
is faced by nearly every pipe line com- 
pany. Information from compressor 
stations and measuring points hundreds 
and even thousands of miles distant 
must be transmitted to the control cen- 
ter of the system in order to insure 
proper and efficient operation. 

Gulf Interstate Gas Company faced 
this problem when planning its new 
transmission system. It was necessary 
that regular operating reports be ob- 
tained from five compressor stations 
and six measuring stations, which were 
distributed over 1160 miles of pipe line 
extending from southern Louisiana to 
the Kentucky-West Virginia border. 
The information from these points was 
needed in the central dispatching office 
located at the company’s headquarters 
in Houston. 

Since the 8000-hp compressor sta- 
~ *General Superintendent, Transmission De- 


partment, Gulf Interstate Gas Company, Hous 
ton, Texas. 
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View of field clerk's office at one of Gulf Interstate’s main line compressor stations, 
reflecting various communications media available to operating personnel. At right are 
VHF radio transmitter and telephone instrument which carries full-period leased circuit 
as well as local and intercommunications lines. (The radio and full-period channel may 
be integrated when necesary). At left is teletypewriter machine and tape cutter, and 


in center of 


picture are cabinets containing telemetering equipment used to relay auto- 


matically operating data through teletype circuit. 


Interior view of one of the 11 mobile maintenance centers operated by 
the Bell System adjacent to Gulf Interstate’s 1160-mile right-of-way. These 
centers provide for rapid repair of VHF radio, telephone and teletype 
equipment leased from the telephone company. 
































FIG. 1. 
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tions were designed to be operated by 
only one man on a shift and because 
the measuring points were unmanned 
in many cases, an automatic means of 
data transmission was deemed essential, 
Telemetering appeared to be the most 
efficient method available. 

In the interest of economy, it was 
desirable that the medium selected to 
carry this operating information be 
one that could be used for other types 
of communications. Leased line tele- 
phone and leased teletype circuits were 
already planned as integral features in 
the company’s communication system. 
Either of these appeared adaptable to 
automatic information transmission. 
The normal anticipated load on the 
telephone circuits was so high, however, 
that there was considerable doubt as 
to its practicability as a telemetering 
media. Also, the use of the telephone 
circuits in emergency conditions was 
absolutely necessary, rendering them 
impractical as a telemetering channel. 
Attention was therefore turned to the 
teletypewriter circuit, which was to be 
installed as regular equipment. Load 
surveys indicated that sufficient free 
time would be available on this circuit 
for telemetering purposes. 

Selection of the teletype circuit im- 
mediately suggested the use of a tele- 
type receiver as a recording device. 
This machine would allow recording of 
information in digital form, rather than 
on a chart. This digital record is highly 
desirable for its speed and accuracy. 
A digital record printed on a teletype 
machine is less subject to error in inter- 
pretation than is a record made on a 
chart. 

It therefore appeared that digital 
telemetering via teletype circuits, with 
a standard teletype machine as a re- 
corder, offered the best possibilities for 
a system that would provide Gulf Inter- 
state with automatic transmission of 
essential operating data. No additional 
system of communication was needed 
for this purpose, as the teletype circuit 
was to be installed in any event. Aside 
from the economic advantage, the digi- 
tal recording of operating information 
would provide an accurate and easily 
read record. 

With these advantages in mind, work 
was begun on the design of such a sys- 
tem by Gulf Interstate Gas Company, 
the Berkeley division of Beckman In- 
struments, and A. T. & T. engineers. 


How Does It Work? 

By starting with the final result of the 
telemetering system the mechanics and 
operation of this equipment can best 
be described. When the dispatcher in 
Houston wishes to interrogate one of 
11 telemetering points on the pipe line 
system, he depresses a combination of 
two buttons keyed to that station and 
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i by the operation begins immediately. 
Use Within seconds the information is auto- 
ned matically transmitted and recorded on 
sof the dispatcher’s teletype machine. A 
tial. typical transmission 1s shown in Fig. 1. 
Lost The data in Fig. 1 is a copy of an TET 
actual transmission received from Gulf | 
was Interstate’s Rayne, Louisiana, compres- 
1 to sor station. The form of this teleme- 
be tered information is identical for all 
pes compressor stations, an dis interpreted 
ele- as follows: 
te 010: This is the station code num- 
$ in ber, and is peculiar to the 
oe Rayne station. All other trans- 
} to mission points have a code 
=. number and automatically 
bes transmit their identification at 
, 2 the beginning of each message. 
; Thus, the information source 
Ing is readily verified by merely 
a glancing at the first numbers 
Were of the message. 
nel. 1: This identifies the function 
the whose value is about to be re- 
) be ceived. Each function has a 
oad code number. The functions 
free are always transmitted in the 
Suit same sequence, so there is no 
chance of confusion. In this 
im- case, “J” represents the code Close-up view of the stepping switches and relays used in the control 
ele- number for the pressure on unit of the telemetering equipment installed on Gulf Interstate’s pipe 
ice. one of the suction lines to the line. It is this apparatus that makes possible the conversion of data to 
2 of compressor station. a form for transmission and the sequential transmission of the informa- 
han ‘ . tion in standard form. 
hly 707 : This number is the pressure 
cy. on the line being checked, in 
ype pounds per square inch gage 
ter- pressure. This is the actual 
na pressure and no factors need These pressure transducers—manufactured under the trade name of 
be applied for true reading. Vibratron—produce a frequency output that varies with the pressure in 
ital ©. This code number identifies the discharge and suction lines at Gulf Interstate's compressor stations. 
vith | he ecenll Medien eel. The transducers are located in the office building at the station. 
Te ted; in this case, the pressure \ 
for on a second suction line enter- L " 
po ing the Rayne station. 
nal 707 : This again is the actual pres- SA 
Jed sure on the line. The fact that 
uit this line is at the same pressure 
ide as the previous reading is not 
igi- coincidental. At the time of 
ion the telemetered transmission 
sily the station was operating on a 
common suction. 
io 3: This is another function des- 
ny ignation; in this case identi- 
In. fying the discharge pressure at 
| the Rayne station. 
930: This is the actual discharge 
pressure of the station, in 
- pounds per square inch gage. 
est The above information is printed on 
in one line of the paper roll in the teletype 
of machine at Houston. The spacing be- 
ine tween the various segments of the trans- 
of mission is constant and automatic, and 
nd will be the same for all transmissions. 
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Interpreting Second Line 

When the end of this first line has 
been reached, the teletype machine 
automatically shifts to the left, and 
the line feed operates to move the 
paper up for transmission of the next 
line. The interpretation of the second 
line of Fig. 1 is as follows: 


01: This is again a code number, 
identifying the speed measure- 
ment of compressor engine 
No. 1. 

250: This is actually the engine 
speed, in rpm of No. 1 com- 
pressor engine. 

02 : This is a code designation for 

the speed of engine No. 2 in 

rpm. 


Following is the actual speed of en- 
gine No. 2. 

The next numbers are the code des- 
ignations and speeds for engines 3 and 
4, respectively. The speed will register 
as 000 on any engine that is not run- 
ning. 


06 : This is a code designation for 
test frequency. 

782 : This is a test frequency, trans- 
mitted to show the receiving 
station that transmitting and 
detection equipment is func- 
tioning properly. The 782 is 
simply a 100-ke frequency 
taken from the crystal con- 
trolled oscillator on the count- 
ing unit, and divided by seven 
binaries, to a resulting fre- 
quency of 781.25. This read- 
ing is detected and transmitted 
in the same manner as a pres- 
sure or rpm. So long as the re- 
ceiving station records a 781 
or 782, the master oscillator 
frequency is correct and read- 
ings should be accurate. If a 
reading other other than 781 
or 782 is received, the master 
frequency is off and all read- 
ings transmitted may be in 
error. The check frequency 
is simply a safeguard that 
shows when the readings are 
correct and assures the dis- 
patcher at a glance that the 
telemetering unit is in good 
working order. 


When the teletype machine reaches 
the end of its second line, it automati- 
cally turns off its transmitter and all 
relays return to their home positions, 
ready for another interrogation. 

The equipment now in use by Gulf 
Interstate is designed to automatically 
report up to 12 operating functions, 
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should additional data be required. Any 
function channels that are not being 
used may be skipped, simply by proper 
strapping on terminal boards. Thus, 
the first line shows only three functions 
in use, instead of the six possible and 
the other three being strapped out. The 
second line shows function 05 to be 
missing. The number 05 is not being 
used and so is strapped out. 


How Transmission Is Made 
Having reviewed the form taken by 
the telemetered data, the next step is 
to examine the method by which this 
information is transmitted. There are 
certain major components necessary to 
detect the pressures and speeds, meas- 
ure them, convert them to transmit- 
table form, and make the transmission. 


Detection in this case is accom- 
plished by pressure transducers and 
electric tachometers. (See Fig. 3 and 
4.) The transducers, manufactured by 
the Byron-Jackson Company under the 
trade name of Vibratron, are the type 
that produce a frequency output that 
varies with pressure. The frequency 
output is actually inversely proportion- 
al to the measured pressure. By select- 
ing a proper basic frequency for the 
transducers, heterodyning this 


example is shown in Fig. 2. 
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fre- 
quency output with a proper fixed fre- 
quency, and then reading the difference 
frequency a result is obtained that is 
directly correspondent to the pressure. 
That is, if the pressure is 950 psi, the 
frequency output to the transducer sys- 
tem will be 950 cycles per second. An 
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wp of eight Cooper-Bessemer 8- and 10-cylinder compressors at 
linger, Texas. Two GMV-8-TF’s are used for propane refrigeration, 
dinjection, while the remaining six compressors are used for plant 
mess gas. 


compact Runnels natural gasoline plant at Ballinger, Texas, contains 
Cooper-Bessemer 880 hp GMV-8-TF’s, and three 1100 hp GMV-10- 
i, otaling 7700 dependable compressor horsepower. The plant was 
tigned by Messrs. F. M. Seibert and W. H. Woods of Runnels Gas. 





Jependability plus . in the GMV story at Runnels Gas 


: efficient, trouble-free performance. That’s the 
experience of Runnels Gas Products Company with 
the eight Cooper-Bessemer GMV’s recently installed at 
their Ballinger, Texas plant. But that’s only part of the 


tory...expected and counted on with these modern 
Vangle compressors. 


Runnels Gas, a subsidiary of Union Sulphur and Oil 
Corporation, uses these GMV’s for process gas, propane 
tfrigeration, and gas injection in this new natural 
gasoline plant of theirs. And they, like so many Cooper- 
Bessemer customers, have made a point of expressing 
ppreciation for the detailed installation recommenda- 
tions of C-B service personnel ... and also for the avail- 
ibility and rapid delivery of needed spare parts. This 


DIESELS @ GAS ENGINES @ GAS-DIESELS @ ENGINE-DRIVEN AND MOTOR-DRIVEN COMI 


sort of cooperation is mighty important in avy kind of 
engine or compressor application. 


Next time your plans call for compressors up to 2500 
bhp, check on Cooper-Bessemers. 


MOUNT VERNON, OHIO 


COOPER-BESSEM 


GROVE CITY, PENNA. 


New York City © Seattle, Wash. © Bradford, Pa. ® Chicago, Ill. 

Houston, Dallas, Greggton, Pampa and Odessa, Texas 

Washington, D. C. © Shreveport, la. © San Francisco, Los 

Angeles, Calif. © St. Louis, Mo. @ Gloucester, Mass. ® New 

Orleans, La. ®@ Tulsa, Okla. © Cooper-Bessemer of Canada Ltd., 
Edmonton, Alberta—Halifax, Nova Scotia. 
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At 950 psi pressure, the transducer 
has an output of 9050 cps. If this is 
mixed with a frequency of 10-kc, and 
the difference frequency detected, a 
reading of 10000—9050 = 950 will be 
obtained. Again, at a pressure of 550 
psi, the transducer has an output of 
9450 cps. When mixed with a 10-kc 
signal it produces a difference in fre- 
quency of 550 cps, which is directly 
correspondent to pressure. The fre- 
quency that the transducers will create 
for any given pressure are set during 
manufacture and are a rigid part of the 
design. 

The Vibratron units are essentially 
composed of a vibrating wire in a mag- 
netic field. One end of the wire is at- 
tached to a diaphragm exposed to pres- 
sure. As the diaphragm moves with 
changes in pressure, the tension on the 





This is a rear view of the teletypewriter generator that is used to supply 








— changed and the frequency of power needed for the transmission of both standard messages and 
vibration is altered. This is the frequen- Sitedntnseds dete: wees Gell Hleaiatets te are 
cy that is obtained in the Vibratron a ee eT 
output. N 
As the wheel is connected directly to Thus, in one second, the number of ‘ 
Engine Speed Measurement the engine, the number of pulses will pulses for one minute is produced. _ 
The tachometers used for engine measure engine speed. The speed is nor- The two detector devices—the Vib- tur 
speed measurement are driven directly mally measured in _ revolutions-per- ratron and tachometer—can thus pro- m«¢ 
by the engines. A toothed gear wheel is minute, For practical purposes, how- duce outputs that are a function of ( 
rotated in a magnetic field at the engine ever, Only a one-second measuring time (cycles per second and pulses per Qr 
speed. As the teeth of the gear wheel period can be used. (The one minute second), and are measurable by count- 
pass the magnet, a change in circuit count would make the telemetering too ing device. = 
reluctance and a corresponding slow to be practical.) Therefore, if the sil 
change in field strength is produced. tachometer can be made to show 60 Electronic Counter Used ren 
The magnetic field changes can, of revolutions for each revolution it actu- To count the cycles-per-second and a 
course, be made to create pulses in a ally makes during the one second pulses per second outputs, an electronic 
coil introduced in the field. The number period, the result will be the number of counter is employed. The particular FE’ 
of these pulses will vary directly with revolutions in 60 seconds, or revolu- counter used in the Gulf Interstate sys- le 
the number of teeth passing between tions per minute. This is easily accom- tem is a modification of a Berkeley 
the poles of the magnet, and therefore plished by putting 60 teeth around the Model 554 Events-per-Unit-Time 
with the rotation speed of the gear periphery of the gear wheel, so that for meter, commonly called an Eput meter. as 
wheel. each revolution 60 pulses are produced. It is essentially a device that will take ” 
D-20 " 
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IMPROVE YOUR MICROWAVE RELIABILITY 
WITH NEW G-E QUADRIPHASE* 
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*The new General Electric Quadriphase system 
utilizes four 9 KC sine waves phased in quadra- 
ture for selection of the individual channels. 








a New ease of servicing—units arranged to 
slide out or swing out for service or inspection 
without interrupting operation. 


4 G-E 25-channel, 2000 MC Quadriphase micro- 
wave terminal, showing all multiplex equipment. 
Normal and standby transmitters, receivers, power 
supplies and termination units are mounted on the 
other side of these racks. 


Highly stable channel-determining concept increases “On-The-Air” time 


Ew General Electric Quadriphase is the only multiplex- 
N ing system with channel selection determined by re- 
sistance circuits alone. There are no L-C networks... no 
tuned circuits ... and no delay lines. As a result, you get 
more reliable microwave communication. 

G-E engineers report numerous benefits from the new 


Quadriphase multiplex design— 


MAXIMUM STABILITY AND RELIABILITY — far greater than is pos- 
sible in multiplex systems requiring tuned circuits. 


FEWER CHANNEL ADJUSTMENTS — only 2 necessary—one on the 
audio level in, and one out. 


FEWER TUBES in multiplex, transmitter, and receiver. Total— 
less than 8 per voice channe!! 


FAR LESS MAINTENANCE TIME AND EXPENSE — You save on tube 
inventory and on maintenance time. Because every tube is 
used well below its maximum rating, G-E Quadriphase 
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gives you a big safety margin, and extra tube life. Simplified 
circuitry including new printed circuits means quick check- 
ing and servicing. . 

30% LESS FLOOR SPACE FOR RACKS — Packaging is compact— 
only 4 racks instead of 6 required in previous 25-channe! 
microwave equipment. 

See for yourself how to get more reliable microwave com 
munication at less operating and maintenance expense. For 
complete details about the new concept of G-E Quadri 
phase, write today. General Electric Company, Microwave 
Equipment, Section X926>, tlectronics Yarn, syracuse, N. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


To obtain more information on products advertised see Page E-43 D-2 1 























STEPPING SWITCH 








STEPPING SWITCH 
7 oa 


2 


STEPPING SWITCH 











TRANSDUCER & 












TACHOMETER 
INPUT 


TETTTTT 











FIG. SHIFT (4) 
CARRIAGE RETURN 
LINE FEED 
STATION CODE 
SPACE 





a ran 


































SPACE (3) 


pe CHANNEL No. SPACE (2) 














FIG. SHIFT (4) 
CARRIAGE RETURN 
LINE FEED 

SPACE (4) 











o—_—_—_—___—} 


TELETYPE 
CIRCUIT 

















AMPLIFIER =| HETERODYNE 




















EPUT METER = 


EE — 























DECODING 





FIG. 6. 











RELAY 
4 LINE TO 5 LINE CODE 








an input of detectable electrical occur- 
rences and count the number that take 
place in a controlled period of time. 
In this application, the meter will count 
the number of cycles or pulses that are 
fed to it in one second. The meter will 
count these pulses, display its reading 
in the form of lighted numerals on a 
series of lucite panels, and then reset 
itself ready to receive the next set of 
input signals. Fig. 5 shows a simplified 
block sketch of the Eput meter and il- 
lustrates its basic operation. 

The heart of the meter is the time 
base. This circuit arrangement pro- 
duces the basic timing frequencies, 
which insure that the unit counts for 
only one second. It also produced the 
check frequency of 781, which was 
discussed before, and the 10-kc hetero- 
dyne frequency that is used to obtain 
the direct reading transducer output. 
All functions are controlled from a 
100-ke crystal oscillator. 

At this point it will help to trace the 
functions of the Eput meter signal. The 
signal arrives from the transducers or 
tachometers as a series of cycles or 
pulses and enters the shaper-amplifier. 
Here the pulses are amplified and 
squared for a cleaner count. They then 
pass to the signal gate. The gate circuit 
controls the length of time during 
which the pulses are passed to the 
counter units, in this case, one second. 
The gate in turn is regulated by the 
gate control circuit, which feeds the 
“open” and “close” signals. The control 
circuit is actuated by the carefully con- 
trolled one-second pulses produced by 
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the time base generator. When the sig- 
nal is conducting, the incoming signals 
pass through it to the decade counters 
where the count is actually made and 
displayed. These counters employ bi- 
nary type circuits and operate in the 
same fashion as the common binary 
counter. 

The signals from the transducers 
and tachometers are allowed to pass 
to the counters for one second. A count 
is made of the number of incoming 
pulses and it is displayed on the count- 
ing units. The signal gate closes at the 
end of the one second period, allowing 
no more pulses to enter. After counting 
and displaying its reading, the counter 
must then be reset. The reset feature 
is accomplished by having the reset cir- 
cuits triggered by the gate control. The 
count is allowed to remain displayed 
for a definite period. The reset then 
operates on a relay, which ungrounds 
the counters, causing them to return to 
their neutral state and preparing them 
for the next group of signals. 

At the end of receiving the first 
group cycle, the counter is set in neu- 
tral and the gate is closed, ready to 
open for one second and allow the next 
group of pulses to enter. It is obvious 
that if the time base oscillators were 
off frequency, the entire operation 
would be upset. In order to check this 
time base with each transmission, the 
781-cycle frequency is provided. The 
check frequency is derived from feed- 
ing the 100-kc oscillator output through 
an amplifier-shaper and then through 
two divider nets, the first of which di- 





vides by 16 and the second by 8. 
This results in an overall division of the 
100-ke signal by 128, giving frequency 
of the 781.25-cps. Check frequency 
is fed to the counter in the same manner 
as any other signal, thus enabling the 
counter to check itself. 

Two functions of the telemetering 
equipment have now been described: 
The detection of the variables involved 
and the measurement of these variables. 
These two functions would be sufficient 
if the information were for local use 
only. However, for Gulf Interstate’s 
dispatching requirements additional 
steps must be taken. The readings of 
rpm and pressure appearing on the Eput 
meter must be converted to a form suit- 
able for transmission and the actual 
transmission must be made to Houston. 


Transmitting the Message 

In order to use the teletypewriter 
circuit and to transmit a message to 
the teletype machine in the Houston 
dispatcher’s office, the device used must 
employ the same pulse code as a regu- 
lar teletype transmitter. The easiest way 
to accomplish the transition is to actu- 
ally use a standard teletype transmitter- 
distributor in the equipment as the 
transmitting device. To this end, a 
modified type 14W _ transmitter-dis- 
tributor was built into Gulf Interstate’s 
teletype equipment. The type 14-W unit 
is exactly the same transmitter-distribu- 
tor as is used in a standard teletype 
machine. The transmitter-distributor is 
illustrated in Fig. 6. 

The distributor is shown schematical- 
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A communications system embracing VHF radio, private tele- 
phone line, teletypewriter circuit and telemetering links Gulf 
headquarters with key points on its 1160-mile pipe line, plus a 
° dispatching office in Charleston, West Virginia, of the United 
Fuel Gas Company, which routes delivery of the throughput from 


that would supply the proper code con- 
nections to the segments, then the 
transmitter could be made to send 














Gulf Interstate’s new system. 


ly as a ring made up of seven segments 
of conducting material, each insulated 
from the others. A rotating contact, 
driven by a motor, sweeps over these 
segments at constant speed. As the 
brush sweeps over the segments it con- 
nects them to the teletype line. If the 
particular segment over which the 
brush is passing is energized, a pulse 
will be sent over the teletype line. On 
the receiving teletype machine there is 
an identical distributor that rotates in 
synchronism with the transmitting 
machine. Thus, if a segment is ener- 
gized on the transmitter, a pulse will be 
sent over the line and received by the 
receiving distributor as its brush passes 
over the same segment. On a regular 
teletype machine, punching a particular 
key will set up a certain combination 
of relays, which will cause some seg- 
ments to be connected to the line and 
some disconnected. Each key on the 
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board has its own combination, giving 
different letters or numerals distinct 
codes. 

For example, the numeral “8” is 
transmitted by energizing segments 2 
and 3, and leaving segments 1, 4, and 
5 clear. The letter “Y” is transmitted by 
energizing segments |, 3, and 5, and 
leaving segments 2 and 4 open. As the 
pulses are conducted to the receiving 
distributor they energize the corres- 
ponding segments. These in turn cause 
a relay operation that energizes the 
proper keys, causing the machine to 
print. The rotating elements of the 
transmitter and receiver are kept in 
synchronization by coded stop and 
start pulses. Each function that a tele- 
type machine must perform is coded 
by a combination of the five numbered 
segments in the same manner described 
above. 

If a relaying system could be devised 


pulses exactly as if a human operator 
were punching the keys of the standard 
machine. That is exactly the results 
achieved in the Gulf Interstate tele- 
metering installation. The keyboard 
and operator have been replaced by 
stepping switches and relays. 


Relay System Vital Link 

The stepping switch and relay sys- 
tem is the equipment that accomplishes 
the final operations required to make 
possible the effective telemetering of 
required data: The conversion of the 
data to a form for transmission and the 
sequential transmission of the informa- 
tion in standard form. Reference to 
Fig. 4 will illustrate how the sequence 
and conversion is accomplished. 

When the Houston dispatcher acti- 
vates the telemetering equipment, a 
selector is energized at the particular 
remote point he has picked. The selec- 
tor provides a momentary contact clo- 
sure, which initiates the whole se- 
quence. The teletype distributor motor 
is energized and any of the stepping 
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switches not in “home position” re- 
turn home. 

Stepping switch 1 then steps off 
home to its first position, and readies 
the transmitter by connecting (through 
a relay network ) the proper segments 
to the line to cause a “shift to figures 
code”. The signal is transmitted as the 
brush passes over the particular seg- 
ments, which cause the carriage on the 
receiving teletype to shift so that num- 
bers will be printed instead of letters. 
After the brushes have made one com- 
plete revolution and transmitted the 
code signal, the stepping switch will 
move to its next position. Each time 
the brushes reach the “Stop” segment, 
the switch steps one position. The sec- 
ond position is another “shift of fig- 
ures” code, and the third is a “carriage 
return” that causes the receiving ma- 
chine to move into position to begin re- 
ceiving a message, regardless of where 
it was previously used. 

The fourth, fifth, and sixth positions 
are “line feed” codes, which cause the 
recording paper on the receiving ma- 
chine to move up one space for each 
signal, assuring separation between the 
message to be received and previous 
messages that may still be on the paper. 
Positions 7, 8, and 9 transmit the three 
digit station code number. This was the 
“010” illustrated in Fig. 1. Each of the 
three positions involved causes the 
transmission of one digit. For each 
transmitting station there is a fixed 
code, which is rigidly strapped in and 
which will be transmitted in exactly the 
same form at the beginning of each 
message. Position 10 transmits a space 
pulse, causing the receiver machine to 
shift one space, after it has printed the 
station code number. The tenth position 
is the last one on stepping switch 1, and 
it goes to its home position. 

The equipment is now ready to 
identify the channel being checked and 
to transmit the value of the related 
function. This is again accomplished 
by stepping switches, which read the 
transducer and tachometer outputs 
measured by the Eput meter. 

As stepping switch No. 1 reaches its 
home position, it triggers switch No. 
2, and causes it to step off home to its 
first position, connecting the first trans- 
ducer to the amplifier and heterodyne 
units, and thus to the Eput meter. 
Stepping switch No. 2 proceeds to go 
through its sequence of 10 positions. 
It first codes the transmitter to trans- 
mit 3 space pulses. This is a part of the 
standard spacing pattern of each trans- 
mission. As the fourth and fifth posi- 
tions are reached, the switch is con- 
nected to the No. 2 stepping switch, 
which encodes the channel number as 
it connects the transducer associated 
with that channel. Thus the channel 
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number is transmitted. After the chan- 
nel, two more spaces are transmitted to 
separate the channel number from the 
reading. As the stepping switch reaches 
its next position, it reads the first of the 
three decimal units, which shows one 
digit of the actual pressure. 

It will be noted in Fig. 4 that part of 
the output of stepping switch 3 goes 
directly to the transmitter-distributor, 
while part of the output goes to the 
“decoding” relay. The space codes are 
made up of the proper five pulses for 
coding the five segments of the trans- 
mitter and may be fed directly from the 
switch to the transmitter. The output 
of the Eput meter and of the channel 
code numbers need further adjustment, 
however. 


Decimal Counting Units 


The Eput meter, as has been pointed 
out, contains decimal counting units 
(commonly called DCU’s) on which 
the numbers counted are registered. 
A particular number stored in one of 
these DCU’s will cause a unique voltage 
condition to exist on four output con- 
nections of the DCU. Each wire will 
be at one of two distinct voltages, 
which can be designated as relatively 
positive or negative. In the 10-pin soc- 
ket at the base of each DCU, pins 10, 
9, 6, and 2 will contain the output vol- 
tages. If the numeral 6 is stored in the 
DCU, then pins 10 and 9 will be posi- 
tive, and pins 6 and 2 negative. If the 
numeral stored was 4, pins 9 and 6 
would be positive, and pins 10 and 2 
negative. In a similar manner, there is a 
code for each number made up of 
various combinations of voltages on 
four wires. The channel number codes 
are of exactly the same nature. 

It will be remembered that the tele- 
type transmitter-distributor requires 
that five segments be coded. As the 
four-line output of the DCU and chan- 
nel codes are to activate the transmit- 
ter, an intermediate converter must be 
supplied to change them from four- 
line codes. The conversion is accom- 
plished in a “decoding relay” network, 
which will take particular four-line out- 
put codes and change them to five-line 
suitable for transmission. 

Again attention is called to the No. 
3 stepping switch. It will now transmit 
the channel code received from switch 
No. 2, which will go through the de- 
coding relay network to the transmitter, 
then the two spaces that go directly to 
the transmitter, and finally the three 
numerals making up the reading on the 
Eput meter that go through the relay 
network to the transmitter. Thus, the 
reading of one channel is complete. 
Stepping switch No. 2 will then go to 
its next position, connecting the trans- 
ducer, and switch No. 3 will go to its 


home position and repeat the cycle, Ip 
this manner the succeeding channels 
will be interrogated. 

When the equipment has sampled 
all of the channels that are connected 
for transmission on the first line of the 
message (up to six), stepping switch 
No. 4 comes into service and goes 
through its sequence. This will code 
the transmitter properly to cause the 
receiving machine to receive shift to 
figures codes, a carriage return, a line 
feed, and four spaces. Thus the ma- 
chine is moved to its starting position, 
the paper is rolled up one line, and 
the unit is spaced for proper alignment 
of the message. The unit then proceeds 
to sample the remaining channels in 
the manner described above. 


Testing Equipment 

For maintenance purposes, a means 
is provided to cause the telemetering 
equipment to go through its complete 
sequence, with the exception of the 
actual transmission over the teletype 
line. By operating a “Test Scan” but- 
ton on the control panel, the entire op- 
eration can be carried out as though the 
station had been signed by the dis- 
patcher, except that the teletype line 
has been shorted out and no transmis- 
sion takes place. Each transducer or 
tachometer channel may be checked 
separately by simply pushing a channel 
test button and then reading the Eput 
meter for that channel. 

Eleven complete telemetering units 
have been installed on Gulf Interstate’s 
pipe line. To date, operating experience 
has been very encouraging. The units 
relay information rapidly. (The trans- 
mission shown in Fig. 1 required ap- 
proximately 30 seconds to complete). 
The information received is easily in- 
terpreted, and most important of all 
this information is proving highly ac- 
curate. On a 96-hour test run, in which 
the readings were transmitted to Hous- 
ton once each hour and there compared 
with readings made with deadweight 
gage by an operator, the average differ- 
ence was only 0.12 per cent of the dead- 
weight reading. This difference is less 
than the accuracy expected of a dead- 
weight reading, indicating that these 
instruments may be more accurate than 
the standard to which they are normally 
compared. 

The successful operation of the tele- 
metering system to date indicates that 
it will fulfill all requirements for ac- 
curacy, speed, and reliability. At the 
same time, maintenance experience has 
been highly satisfactory. There is rea- 
son to believe that the telemetering sys- 
tem will continue to serve an important 
role in Gulf Interstate’s operations, and 
will help make those operations more 
efficient and economical. at 
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New aerial survey product saves time and money 





John C. Bayless* 


SoMETHING HAS BEEN ADDED TO THE 
mapping technique for locating pipe 
lines, planning for construction, and 
maintenance. 

The new technique is in the family of 
aerial survey products. Its features 
open up a new and increasingly impor- 
tant field of highly useful and efficient 
alinement maps and drawings for the 
pipe line industry. These maps require 
the minimum of drafting time but re- 
sult in the most usable operational 
drawing and field map yet devised. 

Today, the maps for locating a pipe 
line and preparing plans go far beyond 
the old concept of route surveys. In 
earlier times, several field parties sur- 
veyed trial lines, but now all possible 
routes are worked out and compared 
in the office, with substantial savings, 
by the full use of photo-alinement maps 
made from aerial photographs. Engi- 
neers, survey crews, and draftsmen 
are not diverted from their primary 
function of design and layout. The best 
route for the line is determined before 
a single stake has been driven and, in 
addition, design engineers have the 
benefit of the best knowledge of the 
terrain surrounding their projects. 

Photogrammetry has been used for 
many years in pipe line surveying, but 
here is an example of how the best 
from aerial surveying has been com- 
bined with the best elements of conven- 
tional alinement sheets to simplify 





*Oil industry operations, Abrams Aerial Sur- 
vey Corporation, Lansing, Michigan. 





field surveying, decrease drafting time, 
and produce an ideal base map to re- 
cord preconstruction and construction 
surveys and alinement. 

Aerial photographs do not eliminate 
all ground surveys. They must be ori- 
ented and controlled by measurements 
from previously measured lines, section 
corners, or bench marks that are usual- 
ly available within the engineers’ office 
or from existing county and topo- 
graphical maps. Once oriented, the 
photograph becomes a map on which 
is recorded the most complete inven- 
tory of natural and cultural detail avail- 
able. 

At all stages of engineering, there is 
a need for reliable quantitative data 
that can be obtained more accurately 
and economically by examination of 
aerial photographs and _ photo-aline- 
ment maps. The engineer with only a 
basic understanding of the characteris- 
tics of photographs can gather this 
data and pinpoint best locations for 
difficult kinds of work by use of engi- 
neer scales and a three-dimensional 
view of the photographed earth surface 
through a stereoscope. By careful use of 
parallax measuring devices, even spot 
elevations can be determined. The in- 
formation obtainable from a single 
stereo-pair of photographs in the office 
is considerably more than that gathered 
in the field in a comparable period of 
time. Thus total engineering costs are 

reduced. 

The average scale of an aerial 
photograph is easily determined by the 
ratio of measured ground distance to 
distance on an aerial photograph. If 
distances on the ground are unknown, 
the average scale may be obtained by 
dividing the flying altitude above aver- 
age ground elevation by the focal 
length of camera lens. This relationship 
and equation is shown in Fig. 1. The 
scale will determine the area shown on 
standard 9-in. by 9-in. aerial photo- 
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PHOTO-ALINEMENT MAPPING 


Provides Complete Record 





A 


FIG. 1. Fundamental relations in photo- 
graph scale 
O = lens of aerial camera 


F = focal length of aerial camera in inches 
H = altitude of camera above terrain in 


feet 
AB = position of 2 points on ground in feet 
(ground distance) 

B’A’ = photographic image of ground point 
A&B on negative (print distance) in 
inches 

From similar triangles 

Fe: Ga 3: Re ae 

F (AB) = H(B’A’) 

H 


i a scale of photograph (feet per inch 


graphs. In most planning phases the et- 
fect of tilt of the camera while in flight 
can be ignored. Reliable aerial survey- 
ing firms deliver photographs that have 
tilt of less than 5 degress. Greate! 
amounts will produce definite errors in 
measurements. 

Engineering studies are primarily 
concerned with ground conditions and, 
therefore, photographs should be taken 
before vegetation is in leaf. Fortun- 
ately, this is also a time when moisture 
conditions are near maximum and dark 
tones tend to indicate areas of high 
moisture content and poor drainage as 
shown in Fig. 2. The ideal time to 
photograph pipe line routes for engi- 
neering studies is late fall or early 
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FIG. 2. Pipe lines following a railroad and highway through areas of 
swamps and abandoned crescent-shaped river channels now filled with water 
and vegetation. Scale is 1 in. equals 1000 ft. Poorly drained areas appear 
dark. Man-made features resemble their conventional map symbols. The rail- 
road appears as dark narrow band with large radius curves. Roads have sharper 
curves. Pipe line ditch scars are light bands across the bottom of the photograph. 


spring although the urgency of work 
often demands photography during 
other seasons in the year. 
Preconstruction aerial photographs 
will eliminate many field trips. A com- 
prehensive photographic interpretation 
of large areas can result in avoiding 
areas requiring excessive excavation of 
bed rock, unstable areas, or large areas 
of seeps or swampy ground. The new 
field studies that will be necessary can 
be directed with better efficiency. Ex- 
tensive use of aerial photographs by 
survey field parties is a great assistance 
in establishing a final surveyed line. 
One of the greatest advantages of 
aerial photographs is the area perspec- 
tive obtained from assembling individ- 
ual prints into a composite picture 
map, Or mosaic. A simple type is the 
semi-controlled mosaic assembled by 
matching detail of the overlap areas on 
each photograph within a flight line 
and the side lap areas of adjacent 
flights. The photos are trimmed along 
fence lines, roads, woods, and other 
features that tend to help match the 
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cut line with adjacent detail. It may not 
be necessary or desirable to correct 
photographs for minor tilt and distor- 
tion, because only the accurate central 
portion of each photograph is used. 

A_ highly efficient reproduceable 
photo-alinement map has recently been 
introduced. Here is a typical mapping 
procedure. 

Photographic planes fly the area of 
the preliminary proposed route be- 
tween terminal points and principal in- 
termediate objectives. Small-scale 
photographs are taken with a Bureau 
of Standards approved precision topo- 
graphic camera. A scale of 1:20,000 in 
rural areas and 1:12,000 in urban areas 
has proved satisfactory. 

Photographs are taken to rigid speci- 
fications. The broad area photographed 
is examined stereoscopically by the 
pipe line location engineers and all the 
feasible routes determined. The prefer- 
able route is selected by comparison of 
the routes on the photographs supple- 
mented by checks on the ground at 
sites of difficult or special problems. 


The objective made possible by precon- 
struction aerial photographs is a route 
of minimum length that approaches a 
straight line with proper consideration 
for accessibility, overall construction 
costs, and future operation and mainte- 
nance requirements. High-cost right-of- 
way situations can be avoided by rout- 
ing around valuable cultivated areas, 
buildings, other pipe lines, and similar 
items. 

Trained photogrammetrists prepare 
semi-controlled mosaics to show pic- 
torially the pattern of land use and the 
principal topographic features. The 
prints used have been brought to a 
common scale in the photographic 
laboratory and are cemented to a semi- 
rigid backing. Orientation is main- 
tained by reference to ground survey 
data to assure accurate distance and 
azimuth measurements. 

The mosaics become base maps 
when copied to uniform sheet size on 
high-resolution matte surface film with 
a dimensionally stable, flexible and 
durable base. The matte, or translucent 
surface, allows pencil and ink drawing 
to define the “as staked” locations, 
planimetric detail, and land ownership 
along the proposed right-of-way. Mar- 
ginal data and outline can be added. 
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PARSONS fubber-tired TRENCHMOBILE | 


gives you fast, mobile trenching service out in the field, 
or around terminals, refineries, producing plants. It drives 
anywhere over highways or cross-country at 12.6 m.p.h. 


. « . opens trench at speeds up to 14% feet per minute. . . 
(Below) Wheel-type 215 Trenchliner® opens cross-country trench drives on to next job without delay. 
at speed up fo 18 feet per minute. It digs 13 to 31 inches 
wide, 6 feet deep. Has standard tractor crawlers, with 18-inch You get trench widths from 8 to 16 inches. . . depths to 5 


oat lugtype oe ee nero a - oe Loy engine, feet. Positive down-crowd boom starts cut fast in hardest 

and man r il field. Smaest : : 

me rr ern rene fhe ld. Pernt _—_iging, olds oceurate grade... . makes vertical setins 
on lateral connections, undercuts cross-pipes. Trenchmobile 
also can be equipped with 6-foot blade to backfill its own 
trench. You'll find it the handiest trencher you’ve ever seen 
for independent, one-man operation on scattered small- 
scale work ... or as an auxiliary production unit for digging 
laterals, gathering lines. Get the complete Trenchmobile 
story from your Parsons distributor, or write us. 


Send to: PARSONS COMPANY, Newton, lowa 
for literature on [] Rubber-tired 88 Trenchmobile [) 215 Trenchliner 
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FIG. 3. PHOTO-ALINEMENT MAP. A small section from a 24 by 36-in. sheet with 


a sample from the corresponding pipe line construction data. Scale is 1-in. equals 
1000 ft. This type map may record preconstruction or as-built alinement which has 
been drafted on the base map copy film of an aerial mosaic. The usual office copy 
is made on blueprint paper or a dry development paper. Marginal data may also 


include a land ownership record. 


Prints of the films produced by blue- 
print, Ozalid, or Bruning process are 
photo-alinement maps ideally suited 
for planning, design and maintenance. 

Temporary notes can be drafted in 
pencil on the translucent film surface to 
produce progress maps. These are used 
very effectively by the survey parties as 
preliminary maps that go far beyond 
the limits of survey notes. Photo-aline- 
ment maps are particularly useful in 
staking locations in congested urban 
areas. 

This system of low-cost, reproduce- 
able photo-alinement maps is largely 
replacing planimetric maps in some 
companies. The greater usefulness of 
photo-alinement maps is illustrated by 
Fig. 3, an example taken from a stand- 
ard sheet of the Texas Gas Transmis- 
sion Corporation. In the words of J. E. 
Thompson, supervisor of mapping and 
surveying for Texas Gas Transmission, 
photo-maps “... furnish all the infor- 
mation given by the latter, plus a great 
deal more in the pictorialization of the 
country itself, with its topography and 
culture in complete and accurate 
detail.” 

The total cost for aerial photography, 
mosaics, and reproduceable intermedi- 
ate films for photo-maps is about $25 
to $35 per line mile, and in some cases 
may be much less. At a scale of 1-in. 
equals 1000 ft, a single flight line pro- 
vides about three-quarters mile cover- 
age on either side of the pipe line. 

Preconstruction aerial surveys avoid 
re-routing situations often necessary 
when available maps do not show all 
up-to-date detail. On a relatively short, 
32-mile, 14-in. gas line built by Ford, 
Bacon and Davis for Michigan Con- 
solidated Gas Company, the cost of 
the entire survey was saved several 
times in the direct cost of pipe saved, 
not to mention additional costs avoided 
by routing around a lake and bog area 
that would have been very expensive 
to cross. Another advantage of this 
preconstruction survey was that weights 
needed for river and swamp crossings 
were computed and ordered in ad- 
vance. 

The reproduceable photo-alinement 
maps recently made for the Hardens- 
burg-Bedford-Columbus Line of Texas 
Gas revealed a man-made lake not 
shown on existing maps. Texas Gas 
engineers consider that this preliminary 
aerial survey will save the cost of one 
ground survey in addition to having 
twice the use value of a ground survey. 
Further, they expect like others, to ob- 
tain lands for the right-of-way im- 
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mediately after plotting the center line 
on the photo-maps and before the 
ground survey begins. 

Right-of-way agents find reproduce- 
able photo-alinement maps are of great 
assistance in determining land values, 
severance damage, in location of build- 
ings and cultivated land. Supplied with 
these maps, agents begin obtaining ease- 
ments before property owners have 
been disturbed by ground survey 
parties. During and after construction, 
agents who are well informed from 
photographs can better assess damages 
that may result from the pipe line and, 
by careful explanation to the land 
owner, obtain a suitable settlement out 
of court. 

Large scale photographs, or photo- 
graphic enlargements to an exact scale, 
are useful where a larger image size is 
desired. Major installations such as 
compressor and pumping stations, and 
terminal facilities are often reproduced 
at a scale as large as 1-in. equals 40 ft. 
Some pipe line companies have the 
right-of-way photographed at a scale 
of 1-in. equals 2000 ft in rural areas 
and 1-in. equals 200 ft in urban areas. 
Two diameter enlargements, 18-in. by 
18-in. with 60 per cent overlap, are 
then prepared at scales of 1-in. equals 
1000 ft and 1-in. equals 100 ft for 
stereo-examination. 

When accurate ground elevations are 
desired, topographic maps can be made 
from the original pipe line survey nega- 
tives. Photogrammetrists make vertical 
and horizontal measurements for engi- 
neering planning which comply in 
every detail with National Standards of 
Map Accuracy. The methods of com- 
pilation of topographic maps from 
aerial photographs and the related 
equipment have been tested for years. 
Today, these maps can be as good as, 
or better than those made by conven- 
tional methods, and result with a reduc- 
tion of up to 50 per cent in overall cost. 

The newest first-order stereo-plot- 
ting instruments in use are manufac- 
tured by Officine Galileo in Florence, 
Italy. These are very fast and economi- 
cal instruments well suited for larger 
scale, small contour map compilations, 
and extensions. For regional reconnais- 
sance, these Italian instruments can be 
used to draw 20 ft contour interval 
maps that meet standard map accuracy 
and standard map content from 1:60,- 
000 to 1:70,000 scale photographs. For 
engineering planning, larger scale 
photographs yield mapping scales of 
l-in. equals 50 ft and 1-in. equals 100 
ft with contour intervals of 1 and 2 ft 


which are accurate within | per cent on 
the horizontal scale and approximately 
1 foot on the vertical scale. 

The cost of a topographic map with 
a 5-ft contour interval is approximately 
$600 to $1600 per square mile at a 
scale of 200 ft per inch. Ground con- 
trol is usually a separate item supplied 
by the contractee. The cost of maps de- 
pends upon the type of terrain, plani- 
metric detail required, and the size of 
the area to be mapped. Maps at a scale 
l-in. equals 100 ft with a 2-ft contour 
interval may cost as little as $1200 per 
square mile in large tracts. In most 
cases, the cost of such photogram- 
metrically compiled maps is much 
lower than that done by field surveys 
and can be completed in as little as one- 
fifth the time. 

Accurate plan and profile drawings 
are frequently prepared to show the 
centerline and elevations along the pipe 
line routes. Profiles have been particu- 
larly useful in determining hydrostatic 
pressures during hydraulic testing of 
gas transmission lines. Profiles prepared 
photogrammatically usually cost less, 
particularly when large scale photo- 
graphs were previously taken for photo- 
alinement maps. 

Additional savings are now being 
realized as pipe line contractors have 
come to appreciate that accurate in- 
formation furnished on photo-aline- 
ment maps permits the most economi- 
cal use of equipment and eliminates the 
uncertainties of bidding. Contractors 
have shown an increasing interest in 
aerial photographs for locating access 
roads and equipment dump sites. In at 
least one case, a pipe line contractor 
has used an independent aerial survey 
as a basis for court action in his claim 
for an adjusted fee. 

An almost standard practice is to 
re-photograph pipe lines after construc- 
tion to provide a complete record map 
of where the line actually was ditched. 
Control for the mosaics is effected from 
the location survey for the pipe line. 
An inexpensive lens stereoscope is suffi- 
cient to reveal block valve and blow-off 
locations using 1:12,000, or 1-in. equals 
1000 ft scale photography. Reproduce- 
able “as built” photo-alinement maps 
are cheaper and more accurate because 
draftsmen work with fewer symbols 
and scales. Obscure property descrip- 
tions are easier to reconcile to natura! 
features and survey notes are easily 
checked for obvious errors. 

Most companies store original mo- 
saics for future reference. All per- 
manent drafting is done on the inter- 
mediate copy films, including tabled 
land ownership data and construction 
histories. Any number of up-to-date 
photo-alinement maps are then inex- 
pensively reproduced at any time for 
all departments concerned. * * * 
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FEDERAL MICROWAVE—“CERTIFIED BY A WORLD OF RESEARCH” 


The system that’s engineered by 
microwave experts in ]() countries 


Today, in 10 of the 21 countries where manufacturing 
plants are operated by the worldwide, American-owned 
International Telephone and Telegraph Corporation, hun- 
dreds of microwave experts are engaged in producing 
standard microwave equipment for installation all over 
the globe... for every climate and terrain. 

In 4 of the 10 countries, central laboratories not only 
contribute by their continuing research to the standard 
equipment types, but also manufacture custom-designed 
equipment for special microwave requirements. 

It is from this immense and ever-growing source of 
international experience that Federal Microwave draws 
its superior technical, economic, and performance features 
... Now providing complete communication facilities, in- 
cluding push-button control of many remote operations, 
to industry in 27 states. 

Federal is microwave at its simplest and best... de- 
signed, engineered, and built by the skill that gave the 
world its first commercial microwave and pioneered so 
much of its later development. It is the only system that 
is “Certified by a World of Research!” 
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Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
100 KINGSLAND ROAD « CLIFTON, NEW JERSEY 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 
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Lee Elmore 


THIS new monthly feature of 


The Petroleum Engineer is ad- 


dressed specifically to pipe line 
communication men, manage- 
ment, and operating men inter- 
ested in efficient operation and 
control of pipe lines. 

Communication and control is 
important in protecting the heavy 
investment in facilities and in 
economically directing the flow 
of transported products. The past 
few years have seen major strides 
in the communication art, and the 
present evolution in automatic 
control promises even greater 
changes during the next few 
years. Microwave, pioneered by 
the pipe line industry, is now well 
established and offering ready- 
made channels for additional 
purposes such as control, central- 
ized accounting, and extended 
mobile radio coverage. 

The monthly section on Com- 
munication & Control will help 
keep you abreast of significant in- 
novations and keep you posted 
on what other companies are 
doing with new techniques in the 
solution of their problems. Topics 
will be covered briefly, and will 
be supplemented by comprehen- 
sive articles carried by The Petro- 
leum Engineer. 

Coverage will broadly follow 
the application of electronics to 
the communication and control 
needs of the pipe line industry. 
Topics will include microwave, 
carrier, mobile radio, industrial 
TV, supervisory control, tele- 
type, automation, data transmis- 
sion, etc. Installation highlights, 
operational data, and engineering 
notes will be included, relying on 
Photos and charts to replace the 
proverbial 1000 words each. Em- 
phasis will be on dollars, db’s and 
efficient pipe line control. Your 
comments and news items are 
invited. 
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PIEA-PESA Show Highlights 


Pipeliners and communications 
equipment dominated the Shamrock in 
Houston, Texas, April 20-22, in the 
biggest annual get-together of petro- 
leum communications users and sup- 
pliers. The 1955 conference attracted 
930 members of the Petroleum Indus- 
try Electrical Association and Petro- 
leum Electrical Supply Association and 
an uncounted number of guests. Domi- 
nant among the many PESA exhibits 
and PIEA sessions was microwave 
communications. Considerable atten- 
tion was also devoted to supervisory 
control, mobile radio, and corrosion. 


Outstanding speakers at the confer- 
ence included Colonel Edwin L. White, 
Chief of the FCC Safety and Special 
Radio Services Bureau, who discussed 
the Commission’s recent government- 
industry conference on rules for micro- 
wave and the Commission’s proposal to 
split the mobile radio channels. Joseph 
E. Keller, PIEA general counsel, re- 
ported on developments in Washing- 
ton and elsewhere during the past year 
as they affect microwave and mobile 
communications in the petroleum 
industry. 

The exhibition of multi-channel 
microwave equipment topped any show 
thus far. Eleven manufacturers demon- 
strated their latest microwave and mul- 
tiplex gear. 

Recently unveiled equipment in- 
cluded a new pulse-position-time sys- 
tem and a hetrodyne relay system de- 
signed for operation in the new 2450- 
2700 mc band. Also new was a 6700 
mc, 7-channel system in a weathertight 
package for pole mounting or outside 
locations. Of particular interest to man- 
agement was an exhibit of data trans- 
mission for centralized office account- 
ing over microwave. One exhibit in- 
cluded a display showing use of a 20 
by 24 ft passive reflector or “billboard” 
located 1.2 miles from a terminal for 
bouncing microwave beams on to a far 
terminal 20 miles distant. Supervisory 
control of pipe lines over microwave 
was highlighted by another exhibit, 





using an existing pipe line system for 
illustration. 

Four high capacity single sideband 
multiplex systems were shown. Three 
of them are designed for 120-channel 
operation, the fourth for 72-channel 
operation. One of the 120-channel sys 
tems is unique in its use of printed wit 
ing boards and mechanical filters. An- 
other features plug-in compandor units 
for providing up to 22 db improve- 
ments in voice circuit quality. The 
other two high density systems also 
utilize single sideband techniques. 


Microwave User Experience 


The panel discussion on microwave 
at the PIEA-PESA show provided an 
inside look into microwave system per 
formance by “asking the man who 
owns one,” in this case, the pipeliners 
who operate major microwave com 
munications systems. 

Moderator for panel session was 
Chester Upson of Texas Illinois Nat 
ural Gas Pipe Line Company, who, in 
turn, called on panel members repre 
senting seven companies operating nine 
microwave systems ranging up to 1400 
miles in length. These microwave users 
reported on system performance, op 
erational reliability, maintenance prob 
lems and cost factors relative to RI 
and multiplex equipment, structures 
power plants, and vacuum tubes. Prob 
lems were discussed in a forthright 
manner, and the concensus was highly 
favorable toward use of microwave fo! 
pipe line communications. Highlights 
and vital statistics are tabulated below 

Overall reliability: Up to 99.2 pe 
cent for 400 mile systems. 

Voice Channel Quality: Signal-to 
noise ratios of 40 to 65 db. 

Receiving Tube Life: 10 to 12 
months for home receiver types. 


Transmitter Tube Life: 


Type Description and Use 

5976 Reflex Klystron— 
6700 me 

X26D Reflex Klystron— 
6700 me 

2C39 2000 mc triode 

2C43 2000 mc triode 


Life 
4-5 years 


12 months 


7-9 months 
3-4 months or les 


The use of companders on several 
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systems proved to be an economical 
means of buying an additional 13 to 20 
db in voice circuit quality. Difficulties 
were reported with several receiving 
tube types including the 6AK5, 12AT7 
and 6AH6. Reports of individual mem- 
bers are summarized below: 

Bob Buttner of Transcontinental Gas 
Line, indicating a general unhappiness 
over use of home-set receiving tubes, 
reported that 45 per cent of their out- 
ages were due to weak tubes. 

Jim Fowler of Panhandle Eastern 
Pipe Line, discussed the RF operation 
of their 400-mile microwave system. 


Construction Data 


Photo-Plan 


Overall reliability was 99.3 per cent in 
1953 and 99.2 per cent in 1954. Less 
trouble is experienced on the micro- 
wave than the wire line facilities. The 
0.8 per cent outage in 1954 was caused 
by 35 failures totaling 69 hours outage. 
Thirty-five per cent of this outage time 
was due to tube failures. Fowler re- 
ported troubles with 12AT7 and 6AKS5S 
tubes that led to aging of the latter 
type for 48 hours with a resultant 40 
per cent reject rate. Life of Type 5976 
klystrons has averaged 25,000 hours 
with the lowest being 22,000 hours. 
Thirty-five per cent of the klystrons in- 


R/W Data 


For Pipe Line Planning - -- 


Abrams offers you 


Superior 


Photo- Plans 


and Alinement Sheets 


Backed by a third of a century of aerial surveying experi- 
ence, Abrams has attracted a highly qualified staff of 
engineers, geologists and technicians to do your work. 


This staff is equipped with quality planes, cameras and 
laboratory and world’s finest photogrammetric instruments, 
to give you the fastest, most economical and accurate. 


service available. 


Write for Cost Estimate. 


Abrams Aerial Survey 


CORPORATION 


Lansing, Michigan, U.S.A. 


To obtain more information on products advertised see Page E-43 








stalled in 1952 are still operating. 
Power supply failures were reported as 
a result of inadequate multiplex fusing, 
The Panhandle maintenance schedule 
is a monthly visit with a full check 
every 3 months. The voice circuit sig. 
nal-to-noise ratio is 45 to 65 db over 
the 400 mile system. The 6700 mc sys. 
tem is not bothered by propagation 
fades. 

Bill Lancaster of Sinclair Pipe Line, 
reported on the multiplex and opera- 
tional aspects of three separate micro- 
wave systems. His 400-mile, 24-chan- 
nel system provides 99 per cent overall] 
reliability with a voice channel signal- 
to-noise ratio of 40 db. Addition of 
companders provided a 13 db improve- 
ment. The second Sinclair system, a 12- 
channel system in operation for one 
year, provides 99 per cent operation 
and a signal-to-noise ratio of 55 db. 
The third system, also 12 channels, 
provided 98 per cent utilization and a 
signal-to-noise ratio of 55 db. This lat- 
ter system employs an objectionably 
large number of tubes and displayed 
trouble on party line operation. 

Max Johnson of Texas Illinois, re- 
porting on structures, recommended a 
separate room for auxiliary power gen- 
erators. Tower lamps are changed 
every six months for $33 per year for 
each tower. A three man tower crew is 
employed full time on this 1000-mile 
system, and cathodic protection is pro- 
vided for towers and anchors. 

Fred Jones of Platte Pipe Line, re- 
porting on primary and auxiliary power 
sources, recommended exercisers for 
standby power generators. The power 
bill per station was indicated as $20 to 
$35 per month. 

Ed Dunn of Keystone Pipe Line, 
provided a useful survey of tube life 
and cost. The cost of replacing a $3 
tube is approximately $25. Receiving 
tube life in 10 to 12 months, and a com- 
plete change of tubes is made each 
year. 6AKS and 12AT7 troubles were 
reported; A survey by Dunn of pipe 
line microwave operators revealed a 
transmitter tube life expectancy as tab- 
ulated above. This data indicates the 
type 5976 klystron is the most reliable 
microwave transmitter and provides 
the lowest annual tube cost. 

L. R. Thomas of Santa Fe Railroad 
reported on the high-low antenna tech- 
nique for oOver-water propagation 
paths. He also warned that tree growth 
can affect path clearance and perform- 
ance. Of the 20 type X26D klystrons 
in his system 18 were replaced in two 
years. The signal-to-noise ratio of 40 
db was increased to 60 db by the addi- 
tion of companders. A weekly station 
visit and tube check every 90 days have 
resulted in negligible outages. Replace- 
ment parts for his system total $75 to 
$100 annually per station. kek 
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Here’s What Plantation Pipe Line 


Engineers Have Learned About the 


P 615.55 


Design, Maintenance and Operation 


T. V. Bockman 
R. S. Cannon 


Win AN EVER-INCREASING PERCENT- 
age of his time spent trying to make 
an equipment layout that will be proof 
against any possible error that the op- 
erator at an attended station can make, 
the design engineer can hardly be 
blamed for wanting to try out an un- 
attended, remotely controlled station. 
Operating experience with a few un- 
attended stations probably will dampen 
his enthusiasm somewhat, at least to 
the point where he is willing to admit 
that there is still enough development 
work required on such stations to pre- 
clude any immediate rush to put the 
entire pipe line industry on a remotely 
controlled basis. 

Plantation Pipe Line Company has 
in operation five remotely controlled, 
unattended, electrically powered pump- 
ing stations. We do not mean to imply 
that these stations have been unsatis- 
factory; on the contrary, we are well 
pleased with the results obtained and 
expect to build more of them in the 
near future. It is our thought that the 
industry may be interested in what op- 
erating experience has indicated to us 
to be desirable design features for such 
stations, equipment which needs im- 
proving, and necessary maintenance 
procedures. 


Design for Maximum Safety 

An unattended station must “think 
for itself” and must try to protect not 
only itself but its neighbors from the 
hazards it may introduce. Good design 
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FIG. 1. 


Tennessee, shows station layout, microwave tower in foreground 


can make the protection job much 
easier. 

For example, an outdoor pump sta- 
tion is practically defenseless against 
wind-blown sparks from a forest or 
grass fire. It is highly desirable to house 
the pump and all small valves, piping, 
and other equipment that might leak 
products in a good substantial building 
with a concrete floor, drained to an 
underground sump tank. This building 
should have an exhaust fan, and air 
should be drawn in through nonflam- 


of Remote-Controlled, 


Unattended Pump Stations 


Aerial view of McGaw pump station, near Athens, 





mable filters. A further precaution 
against exterior fires, which seems 
worthwhile, is a strip of concrete pave- 
ment extending at least 25 ft around 
the building, with trees and brush 
cleared out for 150 ft or more away 
from the building. 

Confining all leaks inside a building, 
where they can be drained to a sump 
tank, also provides another protection. 
A float switch on the sump tank oper- 
ating on high level can shut down the 
station and close station valves, thus 
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HERE’S HOW MOTOROLA 2-WAY RADIO 


saves hundreds of MILES and dozens of MAN-HOURS 





HERE'S HOW MOTOROLA INCREASES PROFITS 
By slashing non-productive driving time up to 
50% over your entire operation, Motorola 2-way 
radio will help you and your workers put that 


time to better use. Auto expenses are cut in 
half, too. 


Supervisors do more supervising and less driv- 
ing, and can be reached at all times, in office or 
car. Reports from rigs and wells are radioed in, 
and emergencies get immediate action. The en- 
tire operation is welded together into one more 
efficient, greater profit-making unit. 


atehiclael te] Communications & Electronics, 


ARY OF MOT R 
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2-WAY RADIO 


Inc. 





EVERY DAY 


HERE'S WHY ONLY MOTOROLA CAN DO IT SO WELL 


VERSATILE: Motorola produces the greatest variety of 2-way radio equipment 
available . . . portable, mobile and base station equipment are combined to form 
a custom-made system at production line prices. 

RUGGED: Motorola equipment is built to take the severe beating that any oil field 
work imposes on it . . . to deliver when needed most. Motorola radio is field 
tested and proved for long life, dependability and economy. 

EXCLUSIVE FEATURES: The pioneer and leader, Motorola, offers more exclusive 
advantages and features—truly the quality 2-way radio. 

SERVICE: There is a Motorola Service Station near you. Motorola offers the most 
complete national service set-up—700 Authorized Service Stations, strategically 
located and on call 24 hours a day . . . implementing optional Motorola Mainte- 
nance agreements, assuring the fastest, most dependable service available. 


Motorola consistently supplies more mobile radio 
than all others combined— 
proof of acceptance, experience and quality. 
The only COMPLETE radio communications service — 
specialized engineering ... product... customer service ... 
parts ...installation ... maintenance... finance. 
“The best costs you less — specify Motorola”. 


@eeeeeeeeeeeeene2dees 
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FIG. 2. Interior view of Smith Station pump building, taken during construction 


preventing product from spreading 
over the countryside in the event of a 
bad leak. 

All equipment and wiring in the 
pump building should, of course, be 
designed for class No. 1, group “D” 
service. Whether the main motor 
should be explosion-proof or enclosed 
force-ventilated may be debatable, but 
it is certainly true that the explosion- 
proof motor does not require any addi- 
tional gadgets—which could fail—to 
make it safe, as does the force-venti- 
laied type. 

Because it is not practical to make 
the station control equipment and 
switchgear explosion-proof, explosive 
vapors must be kept away from it. If 
the control gear is placed in a room 
adjoining the pump room, additional 
equipment is required to maintain a 
pressure differential between the two 
rooms and to check for explosive mix- 
tures in the control room. At little or 
no additional expense the control gear 
can be located a safe distance away 
from the pump area, either out of doors 
or in a separate control building. Our 
preference is for a separate control 
building, 50 to 150 ft away from the 
pump building, depending upon rela- 
tive elevations. Troubles always seem 
to develop on cold rainy nights, and 
it is a bit difficult for an electrician to 
concentrate on a complicated wiring 
diagram and hunt for trouble when 
he is wet and cold. 


Recommended Layout 

Fig. 1 shows the general layout of 
one of the single-unit stations which 
is remotely controlled over a micro- 
wave link from an attended station 
approximately 50 miles upstream. Two 
such stations are located on an 8-in. 
branch line from Bremen, Georgia, to 
Knoxville, Tennessee, and both have 
been in operation approximately two 
years. The small building in the fore- 
ground houses the radio equipment, 
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channel multiplexing equipment, and a 
6-kw standby diesel generator. In the 
larger building on the right are the 
main pump (800 hp), 5-hp sump pump, 
and all station valves, piping, and the 
like, as shown in Fig. 2. The control 
and switchgear equipment is located in 
the building to the left. In the back- 
ground can be seen the incoming and 
outgoing station block valves, near 
which are located the electrical pickups 
to detect passage of scrapers. 

Equipment in these stations has, in 
general, been satisfactory. However, 
there are some changes, as will be 
discussed later, which we feel would 
be desirable. The arrangement of build- 
ings and the layout of equipment we 
still feel is safe and about as good as 
any other unattended stations we have 
seen. 


Equipment Test 

In our opinion no equipment is too 
good for such an application. An un- 
attended station is certainly no place 
to economize by using “dime-store” 
gadgets. Even after purchasing the best 
equipment available, a lot of grief can 
be avoided by testing it—not just a 
simple final sequence test, but a thor- 
ough check and test of each individual 
component. Loose nuts and defective 
parts show up even on new Cadillacs 
today. 

Of course, all reputable equipment 
is guaranteed, but it would be small 
comfort, after blowing up a $250,000 
station because of failure of a $25 re- 
lay, to find that the manufacturer will 
gladly replace the relay, provided you 
send him the old one back freight 
prepaid and install the new one your- 
self. The manufacturers of the me- 
chanical equipment are not blameless 
either. One of our pumps, specified 
to be tested at 2000 Ib and bearing a 
name plate stating that it had been 
tested to 1500 lb, leaked through a 
sandhole in the case at 500-lb pressure. 


FIG. 3. Microwave equipment at Bremen Station 


We have not actually blown up a 
station, nor even set fire to one, but 
we have had some things happen 
which, with other types of station de- 
sign or under different circumstances, 
could have resulted in serious damage. 


Recommended Equipment 
Changes 

Lubricated plug valves were used in 
the stations for motorized station and 
pump valves. Inasmuch as most of 
these stations are on lateral lines and 
make frequent starts and stops, a utility 
man has to make two to four trips a 
week to the unattended stations to lu- 
bricate the valves. Unless some satis- 
factory means of automatic lubrication 
can be devised for the plug valve, a 
nonlubricated type of valve would 
seem preferable. 


On the first four stations, the pres- 
sure controllers used have hydraulic- 
pressure sensing elements. At the last 
station built, electrical strain-gage pres- 
sure-sensing elements were used to 
power the pneumatic controller. The 
electrical system is more accurate and 
requires less maintenance. Further it 
eliminates small product piping that is 
always a source of leaks and other 
troubles. As for the pneumatic con- 
troller and air-operated throttle valve, 
we are not too happy with these, and 
hope someone someday will devise an 
ell-electric controller and throttle valve. 
In spite of elaborate precautions such 
as compressor aftercoolers, moisture 
traps, filters, and the like, we are still 
plagued with frozen air lines to the 
throttle valve in the winter. 


As mentioned before, small product 
lines are a constant maintenance prob- 
lem. They leak and they plug up with 
scale. Some of the station emergency- 
shutdown devices, such as high and 
low pump suction pressure, and high 
outbound-line pressure, are dependent 
for operation on the small product 
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Ma FIG. 4. Interior of station control 
room at Bremen. Unattended stations are 
remotely controlled from this point 


lines. This is a weak link in the protec- 
tive system, and we are trying to devise 
something more reliable. 

Some of the scale that plugs up the 
small product piping could be kept out 
by adequate filters. We feel that these 
would only create an additional main- 
tenance problem, however, and we use 
only simple strainers to protect the 
main pumps. We have had difficulties 
with wire bristles lost from scrapers. 
Occasionally one of these will go 
through the strainer and pump and 
will lodge in the station throttle valve, 
causing the valve to stick. We are ex- 
perimenting with a magnetic device to 
install in the strainer to catch the stray 
scraper bristles. 

To prevent surging of the line and 
overloading of the motor during the 
line-packing period, we installed flow 
controllers at the first four stations. 
These use differential-pressure electri- 
cal strain-gage sensing elements across 
orifice plates, and the small piping to 
the differential-pressure cells has been 
a source of leaks. Furthermore, this 
system complicates the main-station 
piping because of the necessity of in- 
stalling straightening vanes and straight 
runs of pipe above and below the ori- 
fice plate. 

On our most recent station, a load 
controller, Operating on main motor 
loading, was substituted for the flow 
controller. Where it is not necessary to 
telemeter flow back to the control 
point, we feel that the load controller 
is preferable to the flow controller. The 
load controller costs less, requires less 
maintenance, and has the further ad- 
vantage that it will permit more flow 
on light products. 


Supervisory Telemetering 

Two small stations, each with one 
300-hp main pump, operate without 
supervisory control. These are on 4-in. 
branch pipe lines. Remote start and 
some sort of simplified supervisory 
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FIG. 5. Metal enclosed, dead-front 


construction is used in switchgear at > 


remote stations 


stop is accomplished by dialing over the 
teletype circuit, and no intelligence of 
any kind is brought back to the con- 
trol point. However, the control point 
in both cases is the originating point 
for the line so that the operator, by 
watching his pressure and flow, can 
tell when the remote station is operat- 
ing. Even for such small and relatively 
unimportant stations, we now feel that 
control and telemetering of at least sta- 
tion suction and outbound-line pres- 
sures is desirable. 

On two single-unit 800-hp stations 
on an 8-in. lateral line, we went over- 
board on supervisory control and tele- 
metering, and wound up with this 
equipment costing us $38,000 per sta- 
tion. Experience has shown that some 
of the intelligence brought back to the 
control point from these stations is not 
necessary and that, by grouping some 
of the fault indications on the same 
supervisory point, the cost of adequate 
supervisory control and telemetering 
for a single-unit can be brought down 
to less than half of the foregoing figure. 


Transmission of Supervisory 
Intelligence 

The problem of whether to purchase 
microwave radio or to lease telephone 
circuits for transmission of intelligence 
for remote control of an unattended 
pumping station is not, in our opinion, 
susceptible to a general solution ap- 
plicable to all pipe lines. We have both 
microwave and leased-wire control and 
find that both give better than 95 per 
cent reliability. At the present time 
we feel that, for our system, the leased 
wire is the most practical and the most 
economical. However, where there is 
a legitimate use for the additional chan- 
nels that can be added at very little 
expense on the radio, there would un- 
doubtedly be applications in which the 
microwave would be preferable. 

Fig. 3 shows a view of the 2000-mc 
microwave equipment—with doors re- 












moved—installed at Bremen station, 
the originating point for the 152-mile 
radio system operated by Plantation 
Pipe Line Company. 

The center unit in the front row is 
the main RF, that on the left the stand- 
by RF, and the unit on the right con- 
tains the channel multiplexing equip- 
ment. The cabinet in the rear contains 
control for the standby diesel gener- 
ating unit (located in another room), 
tower lights, building lights, radio-fault 
annunciator panel, and radio remote- 
control panel from which the standby 
generators at all remote radio stations 
can be test started and the radio itself 
can be switched from standby RF to 
main RF at any of the remote stations. 

In Fig. 4, which shows a portion 
of the control room of our Bremen sta- 
tion, which is manned, the second wall 
panel on the left shows the station 
diagram, control buttons, and indicat- 
ing lights, and the pressure gages and 
flowmeter for any unattended station 
located approximately 50 miles away. 
The small black panel, barely visible 
below the white station-diagram panel, 
is a duplicate radio fault-indication 
annunciator to the one in the radio 
building (Fig. 2). Although this serves 
to advise the operator of any radio 
faults, its main purpose is to advise of 
tower-light outages at all radio stations, 
as these must be reported as soon as 
possible to the Civil Aeronautics 
Authority. 


Maintenance Procedure—Radio 

Inasmuch as we have only 152 miles 
of microwave radio, with seven radio 
stations (of which three are repeaters), 
we do not have a radio department. 
We have one combination electrician 
and radio technician, with a helper, 
who takes care of normal maintenance 
on the radio and also the electrical 
maintenance of two unattended and 
one attended pumping stations along 
the route of the radio. 
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Radio-tower maintenance, including 
lamp changing, is contracted. Our two 
men have a panel truck assigned to 
them to carry their tools and the usual 
instruments necessary for radio and 
electrical maintenance. In addition to 
the three stations, these men look 
after the radio equipment at three re- 
peater stations located along the 152- 
mile route. 

These men also maintain two sets of 
carrier equipment used to control an 
unattended booster station on the main 
line 26 miles from headquarters. This 
audio carrier is used to multiplex a 
leased wire, voice grade circuit over 
which the station is controlled. It in- 
cludes two channels for supervisory 
control (with automatic transfer), four 
telemetering channels, and two chan- 
nels for emergency start or stop (in 
case of failure of supervisory contre). 
The carrier equipment was placed in 
service in September, 1954, and to date 
has required no maintenance. 

Headquarters for these two men is 
at our division office at Bremen, 
Georgia. It was found most desirable 
to locate them there rather than at 
some point in the middle of their work 
area. Bremen is the critical point for 
radio control, inasmuch as the radio 
frequency at Bremen determines the 
operating frequency for all the other 
radio stations in the division. Then, 
too, the supervisor responsible for 
maintenance work can exercise better 
control of working conditions, and he 
is in a better position to pass on infor- 
mation from higher echelons of man- 
agement. 

Our radio system has been in Opera- 
tion since September, 1953. During the 
first four months of operation the 
manufacturer of the equipment fur- 
nished us a technician for trouble 
shooting and to train our maintenance 
personnel. Since that time our mainte- 
nance men have been entirely on their 
own, and our system has not been out 
for longer than two hours up to now. 


THE PETROLEUM ENGINEER, June, 1955 


Having complete standby RF equip- 
ment at each location has been of great 
help; otherwise, our system would have 
been useless at least 25 per cent of the 
time. 

We feel that our men, however, with 
no previous electronic background at 
all, have done an outstanding job in 
keeping up Our equipment. The fact 
that we have two different means of 
voice communication between all loca- 
tions has been a help in maintaining 
our system. One of the voice-commu- 
nication devices is a clearchannel voice 
telephone that is connected between 
our division office and all the pumping 
stations; the other is a service telephone 
that is connected between all the radio 
buildings of the system. This service 
telephone operates over the radio alarm 
and control channel. 

In addition to the radio equipment, 
these men service the batteries for the 
auxiliary power plants in the radio 
buildings and the batteries for the 
switchgear, make adjustments to pres- 
sure and flow controllers and protective 
pressure switches, and assist in switch- 
gear repair work. Their radio work 
includes checking the output and fre- 
quency of each station, changing out 
filters in the cooling-air system, and 
keeping the equipment clean and in 
good operating condition. 

We have had the usual number of 
tube failures, blown fuses, burnt-out 
resistors and capacitors, and open cir- 
cuits in relay coils. Tube life has not 
come up to expectations; in the past 
year we have replaced $1600 worth of 
tubes of one kind alone. A few troubles 
have cropped up which were a little 
out of the ordinary. At one of our 
tower coaxial cables we found a hole 
about the size of a .32-caliber bullet in 
the shield, and the area around the 
lower lights was peppered with buck- 
shot. Evidently one of the natives ob- 
jected to the red lights so close to his 
home. At another location our signal 
was interfering with a VHF radio sys- 


tem located on an adjacent forestry 
tower. Moisture in the coaxial cables 
on the towers has caused us a greal 
deal of trouble and the tower mainte- 
nance crew a lot of work in changing 
out gaskets at coaxial-cable joints. 

Radio operation in general, however, 
has been good, and we attribute a large 
part of this to the excellent mainte 
nance our crew has been giving the 
equipment. We feel our system is an 
easy one to learn and is one which can 
be worked on with a minimum of 
trouble. 


Maintenance Procedure— 
Mechanical 

The division mechanical crew, con- 
sisting of a foreman and three mechan- 
ics, takes care of the mechanical 
maintenance at our remotely controlled 
stations in addition to the other stations 
in the division. This group is respon- 
sible for the repair of pumps, air com- 
pressors, water pumps, and valves, and 
for the mechanical repair of the 800- 
hp pumping motors. Their repair work 
on the 800-hp motors includes replace- 
ment and fitting of bearings as neces- 
sary, Checking alignment and spacing, 
and replacement of worn oil rings. This 
group travels in a truck with a special 
panel-type body capable of carrying a 
complete rotating element for the large 
pumps and all other repair parts neces- 
sary for their work. 

In addition to the foregoing items, 
the mechanical group services the seven 
diesel engines used to drive the 6-kw 
emergency power generators in ou! 
radio buildings. On the original instal- 
lation we did not have purchased powe1 
at two of our repeater stations, and two 
diesel engines were installed, one run- 
ning continuously with automatic trans- 
fer to the standby unit in case of fail- 
ure of the normal engine or generator. 

This installation proved trouble- 
some, as the engines used a large quan- 
tity of oil and several of the genera 
tors failed. We have since installed a 
new type of generator at all locations 
and have obtained purchased power at 
all locations. This has greatly reduced 
the maintenance costs at these loca- 
tions, as we do not have to make a 
trip to these locations every 10 days 
to check the diesel-fuel storage tanks, 
diesel engines, and generators. 

Our mechanical maintenance record 
has been very good. It has been nec- 
essary to replace one 800-hp motor at 
one of the stations because of an explo- 
sion seal working loose and throwing 
a whip in the rotor shaft. This we feel 
was a manufacturing error and not the 
result of poor maintenance. 

We have had the usual pump me 
chanical-seal trouble caused by welding 
beads, scale, and dirt from new sec 
tions of pipe line adjacent to the 
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"steady as a rock" in any weather 


TOWERS OFM STRENGTH 


EMSCO MANUFACTURING COMPANY 
Gorlend, Tex. LOS ANGELES, CALIF. Hovston, Tex. 
General Sales Offices: Dallas, Texas 





Typical Emsco guyed microwave installation in Oklahoma. 


Emsco microwave towers are sturdy, steady ...assure dependable 
microwave operations. Unique bridle guying of the tower top 
holds torsional deflection to a minimum. 

A pair of guys on each side of Emsco towers are anchored in 
a reverse direction. If the tower tends to twist because of wind, 
three of the guys will tighten and hold deflection of the tower 
top within specifications. 

Every Emsco tower design meets RETMA specifications. Hot 
Dip Galvanizing provides protection against corrosion. Bolted 
construction permits quick, sure visual inspection. 

For guyed or self-supporting towers unequaled for safety, struc- 


tural rigidity and economy ...specify Emsco. Prompt delivery 
is assured. 





stations. This could be foreseen from 
our experience on other stations on q 
new line. Some difficulty was expe- 
rienced with hydraulic nonslam check 
valves, between the suction and dis- 
charge of the pump, failing to close 
after a scraper run when the pump was 
restarted. After eliminating the non- 
slam and hydraulic features of this 
check valve, we have had no further 
trouble. We have had no other unusual 
mechanical problems. 

It is necessary for the mechanical 
and electrical departments to work to- 
gether very closely on maintenance at 
a remotely controlled station. One de- 
partment can often make repairs to the 
other department’s equipment without 
calling out their men to make a special 
trip to the location. This has proved 
advantageous in the past because, even 
if one department cannot repair the 
faulty equipment, the knowledge 
gained by talking to someone who has 
a good knowledge of how the equip- 
ment should operate helps the depart- 
ment repsonsible to bring the correct 
equipment to repair the trouble. 


Inasmuch as the supervisory control 
diagram at our attended pumping sta- 
tions is arranged to distinguish between 
electrical and mechanical troubles in 
the equipment at the remotely con- 
trolled stations, the job of maintenance 
is greatly simplified. The trouble lights 
give us a good indication of what is 
wrong with the equipment before our 
crews leave for the stations. We can 
then take with us the necessary repair 
parts and can do the repair work on 
arrival with no extra trips necessary 
to pick up repair parts. 


Maintenance Procedure— 
Electrical 


Our electrical crew consists of three 
well-qualified electricians. These men 
perform all the major repair and main- 
tenance work on our four remotely 
controlled stations, as well as all other 
electrical work in our division, consist- 
ing of six other pumping stations, four 
terminals, and the division office. These 
electricians check the oil circuit break- 
ers, pumping motors, auxiliary motors, 
and other equipment at definite inter- 
vals. 

As an aid to better maintenance, we 
have found that keeping a set of equip- 
ment cards at the remote station and 
a duplicate set at our division point 
helps us in scheduling necessary repair 
and maintenance work without inter- 
fering with normal pumping opera- 
tions. On these cards is a complete his- 
tory of each piece of equipment, show- 





Bao 


ok 


ah? 


Tw 


if 





ee ing the services performed and its gen- 

eral condition. By taking advantage of 

seasonal ups and downs in throughput 

demands, we can schedule major main- 
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tenance at times of less demand for 
use of the stations. 

Our equipment at these remote sta- 
tions is as nearly foolproof as we can 
make it. All switchgear is completely 
metal enclosed and of dead-front con- 
struction, as shown in Fig. 5. All 
motors in hazardous locations are ex- 
plosion-proof and are of squirrel-cage 
induction design for safety and ease 
of maintenance. We do not allow 
maintenance work to be done at these 
locations unless there are two men 
present. This eliminates the possibility 
of a man becoming sick or injured and 
not having any way to let us know his 
condition sO we can get help to him. 





In our two years of operation of these 
stations we have never had an accident 
or injury. 

For transportation these three elec- 
tricians use a pickup truck with all 
necessary tools, instruments, and some 
repair parts carried at all times. We do 
not carry repair parts for every trouble 
possible because, as we have mentioned 
before, the supervisory control board 
gives a good indication of what trouble 
is present. We can then pick up repair 
parts at our division warehouse before 
leaving for the job. 

Either our electrical crew or our ra- 
dio crew can perform minor mainte- 


nance work or trouble shooting on the 


SPEEDY — SIMPLE— SOLO OPERATION is achieved by the Cleveland Model 
190 whether backfilling heavy dirt—as on this 20-inch Iowa job—or replac- 
ing spoil in trench sloped up to 12 feet wide for the biggest diameter lines. 
The 190’s one-man-operation, continuous travel speeds and smoother, 
larger backfill clutches produce faster, cheaper backfilling than ever before. 
Your local Cleveland distributor will be glad to show you how! 
THE CLEVELAND TRENCHER Co., 20100 St. Clair Ave., Cleveland 17, Ohio 
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PELICAN SUPPLY CO. INC. 


Shreveport (84). Lo. 





(Formerly: Pelican Well Tool & Supply Company) 


To obtain more information on products a ‘vertised see Page E-43 








THE PETROLEUM ENGINEER, June, 1955 


electrical equipment. Whichever crew 
is closer to the job is sent to clear up 
troubles and get the pumping units 
back on the line. We feel that by not 
allowing our radio crew to specialize 
in radio work, we can get more useful 
service from them, and they will be. 
come more familiar with operations as 
a whole. 

Electrical troubles have been of a 
minor nature in all of our remotely 
controlled stations. None of the 
troubles experienced have caused a 
shutdown of the station for more than 
a few hours. Included in our minor 
troubles have been frozen air lines to 
pneumatic pressure controllers, 
stopped-up tubing lines to protective 
pressure switches, failure of timing re- 
lays in our sequence-control setup, 
blown fuses in our battery and flow 
controller circuits, and burnt-out coils 
on breaker operating mechanisms. We 
believe that the time spent in selection 
of the electrical equipment for these 
stations, as well as an intensive train- 
ing program for our electrical mainte- 
nance men, has paid big dividends 
when it comes to locating and repair- 
ing electrical troubles. 
Acknowledgment 
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FACTS on Westinghouse 5000-hp gas turbines. . . 


Delivers gas 
with less horsepower 


Gas-turbine-driven centrifugal compressors give high efficiency 
at high-flow, low-compression ratio. « Stations can be spaced 
closer together, maintaining a high average pressure with less 
horsepower. « Any one centrifugal compressor can handle the full 
flow, so fewer units are required for a given length of pipelines. 
¢ Gas turbines are high-speed prime movers—no reduction 
gears required to drive centrifugals efficiently. 





























For more information, see your 
Westinghouse sales engineer, THE Tr 

MAN WITH THE FACTS, or write 

for booklet B-5859. Westinghouse a 
Electric Corporation, 3 Gateway ; y * 
Center, Pittsburgh 30, Pa. J-50578 





you CAN BE SURE...iF rs Westinghouse 8) 


Map shows how rapidly the Washita river banks 
deteriorated Service pipe line crossing in four 
years. Heavy dash lines show old position of 
lines; solid lines indicate the new position after 
lines were re-laid. A 1420 ft excavation began at 
point “A” and ended at “B”. Bank at “A” was 
sandbagged to prevent washing. “C” shows pil- 
ing installed in 1950 to protect west bank. Old 


channel shows route of river years ago. 













Rampaging Washita River played havoc with lines 
of Service Pipe Line during flash floods; 100,000 cu 
yd earth moved by contractor, all lines relaid as 


P 615.371.) 
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Deep Crossing Solves River Washout Problem 


A summer flash flood on the Washita 
river in 1953 ripped the soil from Serv- 
ice Pipe Line Company’s three lines 
and left them dangling dangerously. It 
was the second time in three years that 
the usually sluggish stream caused the 
company trouble and expense at its 
river crossing near Pauls Valley, 
Oklahoma. 

As recently as World War I, the 
Washita was a stream with well-defined 
banks and the general appearance of a 
well-constructed irrigation ditch. Its 
banks were stabilized by a heavy 
growth of willows and large cotton- 
woods and native elms. But now most 
of the land along its banks has been 
cleared so that heavy spring rains bring 
quick run-offs and flash floods. Flood 
water rise and recede rapidly eating 
large chunks out of the high banks. 


*Service Pipe Line Company, Tulsa Okla- 


CARL |. HUSS* 


Service’s three lines, two 8-in. and 
one 12-in., cross the river several 
hundred yards from the Pauls Valley 
pump station. There the river makes 
two sharp reverse bends that roughly 
form an “S.” Service’s lines cross the 
river just above the second bend (see 
map). 

In the spring of 1950, the Washita 


river went out of its banks and flooded 
the Pauls Valley pump station grounds. 
Service crews sand-bagged the doors 
so that little water got inside; the flood, 
however, left the lines exposed at the 
river crossing. 

Service personnel lowered the three 
lines deeper into the banks and under 
the channel. The west bank, the nearest 








a—~New Line 














homa. Profile of river crossing. Lines cross the Washita east and west. Old channel indicates 
where river once flowed. Lines were lowered far below this old channel in case the 
| EXCLUSIVE | river ever reverts backs to it. 
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unds. automatically transferring contr, © another as 

0 required to prevent either one from exceeding its set limit. 

t the ~ When supply is greater than demand, control is maintained 
on the demand side (discharge) . . . but when demand exceeds 

= supply, control is maintained on the supply side (suction). 

wee The M-40 Auto-Selector has two measuring elements and con- 


trol mechanisms — also a combined air relay. It actually does 
the work of two instruments . . . with one or the other variable 
under control at all times. The transfer of control from one 


SINCLAIR PIPE LINE COMPANY’S new 670 mile, 22-24 
inch line from Cushing, Okla., to East Chicago is operated 
by all-Foxboro control instrumentation, based on the 


‘| 


variable to the other is smooth, instantaneous, and with no unique Auto-Selector Controller. Above: part of control 
upset. Any type of control action may be used. Any combination ponel at Coming Siatien. 

of related variables may be controlled-pressure and flow; , 

temperature and level; two flows; two pressures; etc. Write for details. The Foxboro Company, 


646 Neponset Ave., Foxboro, Mass., U.S.A, 


RECORDING - CONTROLLING - INDICATING 


. 0), 9510) a INSTRUMENTS 


e the REG. U. S. PAT. OFF. 
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Extent of the cut may be seen by looking across the river to the east. Pipe 
foreground is discharge on suction dredge out of picture to left. It lowered 


lines beneath the channel. 


the station, is straight up and down at 
that point and highly susceptible to 
washing. 

To stabilize the bank, the crews 
made piling out of 40-ft sections of 
junk pipe and drove them 18 ft into 
the river bed along the west bank. They 
then welded wire mesh to the piles. 
This prevented swift water from slosh- 
ing against the sandy bank and causing 
it to cave in. 

They also placed about 5000 bags 
filled with one part cement and seven 
parts soil over the spot where the lines 
were buried. The east bank slopes 


Flash flood in July, 1953, left Service Pipe Line’s two 8-in. and 12-in. 
lines swinging as shown. As soon as waters receded some, company 
crews relocated the lines out of harm’s way until contractor could be 


called in to lower them. 


A view of completed job. Seen across the river to the 
east are the sandbags where the lines were re-laid. Sand- 


bags are indicated by “A” on map (first page of article.) In 
the foreground may be seen the cut made by the dredge 
in lowering the lines under the channel proper. 


gradually and natives thereabouts told 
company employees it would not cave 
in, or, at least it hadn’t for years. 

The latest flash flood made the na- 
tives eat their words. The flood ripped 
big chunks from the east bank and left 
Service’s lines swaying above the 
swift water. The west bank, bolstered 
by the piling, held. 

As an emergency measure, the Pauls 
Valley connection crew took the lines 
out of service, cut them and moved 
them back out of harm’s way. That was 
only a temporary move until a contrac- 
tor with heavy equipment could be en- 


gaged to lower the three lines. 

Pentizien, Inc., of Omaha, Ne- 
braska, won the contract to lower the 
lines. Three Service employees were 
assigned to the job: Leslie Beavers, 
welder-pipeliner at Pauls Valley, served 
as COMpany inspector; Kenneth King, 
engineer at Shawnee, shot elevations 
and did other engineering work re- 
quired at the site, and Walter Busey, 
crew clerk at Pauls Valley, kept time 
and material records. 

The Pentzien crew, headed by For- 
rest Andrews, field superintendent, 
worked the job in two shifts of 10 


Kenneth King, Service Pipe Line engineer, who assisted 
with the project stands near the west bank of the Washita 
directly over Service’s lines. Pipe and wire mesh (foreground 


and background) were installed three years earlier when 
lines washed out. During last flood this west bank was not 
damaged. Lines washed out on the opposite bank where no 
piling had been installed. 
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TWO-WAY ABILITIES PIONEER’S KNOW-HOW ON TIME SERVICE 


IN EVERY INDUSTRY there’s a leader with certain intangibles that tip the balance 


between superior and mediocre results. In the pipe-protection industry that leader 





is Hill, Hubbell & Company —and the intangible “things that money can’t buy” add 
up to a superior type of service which can come only from longer experience and 
technical knowledge. This pioneer’s know-how... in addition to the most modern 
processes and equipment... keeps Hill, Hubbell well 


out in front. 


HILL, HUBBELL and COMPANY 


Factory Applicators of Pipe Coatings and Wrappings 





DIVISION OF GENERAL PAINT CORPORATION 
3091 Mayfield Road + Cleveland 18, Ohio 
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AN-SPEC Magnesium Anodes 
Prepared Backfill 


Anodes for Emulsion 
Treaters & Heat Exchangers 


Field-Proven Rectifiers 
Holloway Shunts 

Agra Test Instruments 
National Ground Anodes 
National Carbon BF3 Backfill 


Coke Breeze 98% Graded 
%, Down 


Complete Cadweld Equipment 
Copper Sulphate Electrodes 


Complete Engineering Service 


@ SURVEYING 

@ ENGINEERING 
@ INSTALLATION 
@ MAINTENANCE 


MANUFACTURERS OF — 


Top, looking north along the 1420-ft cut that was made by removing around 100,000 
cu yd of dirt. Notice draglines and bulldozers in the background backfilling the trench. 
HIGH QUALITY ANODES As men moved along the ditch laying pipe, the backfilling crew followed behind them. 


4 | P t L | N E A N 8) D ‘ Center, closeup shows line swung into place. Old lines were replaced by new pipe, some 
1350 ft on each one during operation. Pentzien, Inc., of Omaha, Nebraska, had contract. 
CORPORATION 


P.O. BOX 996 PHONE 4-2375 Bottom, welder makes the first tie-in on the 8-in. Center line is a 12-in. and third line, 
TULSA, OKLAHOMA | other 8-in. Pumping continued through old 12-in. until new lines could be put into 
service, 
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BRAND NEW 
Conpbatiy Difowi.. 
BUCKEYE 308 


... Here’s the first of Buckeye’s new “‘O” series 
ditcchers — a pipeline and utility model that will 
outperform, point for point, any machine in its 
dass! . . . Check the features listed below — then 
let your dealer show you how its heavy-duty con- 


struction, its rugged new Buckeye designed trans- 
mission, its new engine options and a host of other 


features make tough going easy — and put the 
new ‘308’ definitely on top by any standard of 
comparison in the pipeline or utility field. 


LOADED WITH EXCLUSIVE FEATURES! 


HYDRAULIC CONVEYOR DRIVE . . . is completely controllable 
from operator's seat. Provides forward or reverse belt drive in 
aselection of 3 speeds to meet any conveyor need. Eliminates 
the shock damage normally found when driven mechanically 
from digging wheel drive — no complicated mechanical units! 


VE HYDRAULIC WHEEL HOIST . . . for fast, accurate position- 
ing of digging wheel independent of all other functions. Hoist 
operated by simple, one-hand controls from operator's seat. 


TRACTOR-TYPE CRAWLERS .. . allow variation in tread width 
and bearing area thru selection of tread pads to suit any type 
digging. Idler rollers have face-type seals for longer crawler life. 


SIMPLIFIED GROUP CONTROLS . . . with panel mounted con- 
veyor and hoist controls, foot operated steering controls. All 
controls need only light pressures, are within easy reach of 
operator. Control arrangement simplifies use by experienced 
operators — speeds ‘‘breaking-in’’ time of new operators. 


STREAMLINED UNIT DESIGN .. . plus standardized unit con- 
struction give both a neat, compact design and interchange- 
ability of major components and assemblies with other new 
series ‘‘O"’ Buckeye ditchers to be announced very soon 


HEAVY DUTY DIGGING CAPACITY .. . digs to 5’ 6” deep with 
optional cutting widths from 16 to 32 inches, in 2 in. steps. 
No. 5521 


GAR WOOD INDUSTRIES, INC. 


WAYNE, 


MICHIGAN 


; a 
«Fp 


INDUSTRIES 





hours each. Their major task was dig- 
ging the trench for lowering the lines. 
Two draglines, working through the 
day and through most of the night by 
searchlight, finished excavating the 
canyon-like trench within a month. 

The completed trench measured 
1420 ft in length, 30 to 34 ft deep and 
40 ft wide at the bottom. It extended 
east from the river bank about 500 
ft, then dog-legged north another 900 
ft. About 300 ft from the north end, it 
sloped to the surface at ratio of 1 to 10. 

King estimated Pentzien excavated 
nearly 100,000 cu yd of dirt, enough to 
cover a football field to a depth of 
around 20 yd. 

Meanwhile, the crews raised the 
three lines from the channel proper, 
reconditioned them and let them settle 
back to the bottom. Later, they 
dredged the lines deeper into the river 
bed. 

Starting at the east bank of the 
Washita, the crew replaced some 1350 
ft of pipe on each line with new pipe 
from warehouse stock. Since Service 
had to maintain pumpings through the 
system, they did not replace all 3 lines 
at once. Here’s what they did: 

Pumpings continued through the 
12-in. while they took up the two 8-in. 
line. By the time they completed this 
take-up and reconditioned the lines 
under the river, the | draglines had fin- 





ished the trench. 

The crew started laying the three 
new lines along the trench bottom, 
beginning at the end farthest from 
the river. They tied in the 8-in. lines at 
that spot, and left the end of the 12-in. 
exposed for later tie-in. As the men 
progressed down the trench toward the 
river, the draglines and bulldozers be- 
hind them started the tremendous task 
of backfilling the 100,000 cu yd of dirt. 

When the crew finished laying the 
three new lines the length of the trench, 
had reached the east bank of the river. 
There they connected the new and 
the reconditioned 8-in. lines together. 

The 8-in. lines were tested and put 
into service. This enabled the crew to 
take the 12-in. out of service for the 
tie-in. All three lines were then put 
in service. 

Backfilling the trench continued 
while the crew took up about 1320 
ft of the old 12-in. Pentzien wound up 
the project by sandbagging the back- 
fill on the east bank. 

* Some day the Washita may revert 
to an old channel long since filled in 
(see map), thus straightening out the 
lower bend in the “S” curve. That is 
why the trench was dug so deep and so 
far back from the present channel. 
Should the river revert to the old chan- 
nel, the newly-built lines will be sev- 
eral feet below the new river bed. * 
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Toronto-Montreal Gas Line 
May Be Laid This Year 


Likely to make a start and perhaps 
be completed this year is the proposed 


natural gas pipe line from Toronto, * 
Ontario, to Montreal, Quebec, which © 
represents an attempt by Trans-Canada 7 
Pipe Lines Limited to salvage some. — 


thing in immediate business from its 


ambitious project for an all-Canada | 
pipeline between Alberta fields and © 


eastern Canada. 

The new proposed line, for which 
Trans-Canada is making formal appli- 
cation to the Board of Transport Com- 
misioners for a construction permit, 
would be about 400 miles long, fol- 
lowing much the same route as the 
Trans-Northern products line. 

The company estimates that is has 
spent nearly $7,000,000 on engineering 
surveys and preliminary design work 
on composite project. 

Under the extensions granted by the 
Board, arrangements for financing the 
construction of the project must be 
completed by October 31, 1955; con- 
struction of the 2250 mile pipe line 
is to begin no later than June 30, 
1956; and removal of natural gas from 
the province shall be on or before 
December 31, 1956. 














PIPE CUTTING AND 
BEVELING MACHINES 




















wt 
e QUICKEST IN OPERATION . 
e Just slips over pipe 
e No hinges or latches to open or close : 
we 
e LIGHTEST WEIGHT 
e FIVE MODELS (for pipe from 
4” to 36 inches) : 
e ECONOMICAL : 
e FOR RENTAL OR PURCHASE 
Illustrated above: Mathey Pipe Cutting and Beveling Machine. 
Cuts pipe at any predetermined angle. . 
Illustrated left: Mathey Out-of- Round Attachment. Fits a 
sizes of Mathey (and Mathey-made) accel lie . 
i ° 
Wustrated right: Mathey Shape and sage = —— 





ment. For cutting pipe intersections 
welding analysis. 

*COMPLETE STOCKS OF PARTS FOR ALL MATHEY and MATHEY MANUFACTURED MACHINES | 
Phone 3-3623 and 54-5141 


Cc. A. MATHEY MASS WORKS, INC. 


TULSA, OKLAHOMA 






MMEDIATELY AVAILABLE 


212 SOUTH FRANKFORT 
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A special test was made in the W-K-M plant to determine 
what effect external compression and tension loads would have 
on seal-off and operation of a W-K-M Valve. 

This test was conducted using a 30” ASA 400 p.s.i. weld-end 
gate valve operated by an electric motor. Ten strain gages 
were placed in the valve at locations shown on the diagram 
at right. 

Using a hydraulic cylinder, an external differential tension 
load of 675 tons was applied to the valve while maintaining 
maximum working pressure against the gate. 

During the tests the recorded strain-gage readings indicated 
no fibre stresses in excess of code allowables, indicating no 
appreciable body distortion. The valve did not leak and operated 
freely under all conditions. 

W-K-M Pipeline Valves have been tested and proved in the 
laboratory and out on the line for more than thirty years. They 
offer the world’s finest valve performance. Ask a W-K-M sales 
engineer to demonstrate a scale model valve. 


WKM Ths 


W-K-M Valve 


shows no ieak 





in compression - 


tension tests 


























The above sketch shows the placement of 
the strain gages used in the test. 


W-K-M Manuracrurinc Company. INc. 


asupsipiary or QC f in vustRrizs 
sonconmrPearRraw+rtet @O 








P. O. Box 2117, Houston 1, Texas 
Los Angeles, California 
Export Office: 45 Rockefeller Plaza, New York, N. Y. 
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FIRST Engine-Centrifugal Unit 
Designed for Automatic Operation 


D. M. Salls 
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Initial remote controlled station 


of this type planned for operation 


this year on major transmission line* 


OnE of the most recent develop- 
ments in the design of compressor 
units is the engine driven centrifugal 
compressor. Actually, this unit consists 
of three elements, each of which has 
been used for many years in the pipe 
line industry and perhaps it should 
more properly be called the develop- 
ment of an application. The prime 
movers in this case are high output, 
supercharged gas engines capable of a 
maximum delivery up to 5000 hp. A 
step-up gear is required to raise the 
crankshaft speed to that required by 
the centrifugal compressor. The step- 
up gears may be either single or double 
step designs depending entirely upon 
the compressor inlet conditions and the 
compression ratios required. Generally 
speaking, the larger volumes, above 
5000 cfm, can be handled with single 
step increasers. The centrifugal com- 
pressor is similar in all respects to units 
found in existing stations where they 
may be driven by a variety of power 
units including electric motors, steam 
turbines and gas turbines. 

Presently under construction is one 
of these engine driven centrifugal com- 
pressor units for a major natural gas 
transmission line .The unit will go into 
service this fall in time to catch the 
winter load on the line. The engine is 
a supercharged gas engine’ rated at 
37 bhp at 327 rpm. The maximum 
speed of the engine is 360 rpm, which 
is 10 per cent over normal speed, at 
which the compressor load can be as 
~ *See “Pipe. Line Projects” feature section, 


this issue. 
'Cooper-Bessemer LSV-16, 


high as 4500 bhp. The fuel consump- 
tion of this engine at full speed is 6200 
Btu/bhp/hr. The engine intake air is 
compressed in a turbo-charger cooled 
by a water cooled intercooler and then 
further cooled by a_ turbo-expander 
compressor unit to supply the power 
cylinders with air at about 100 F de- 
pending upon ambient conditions. 
Since the unit will not depend upon 
evaporation for cooling the air, the 
make-up water required for the unit 
will be negligible. 

The new unit will require a two step 
speed increaser drive? as the compress- 
or is rated at 5500 rpm at normal 
speed. The compressor? is a single stage 
unit with overhung impeller and 24-in. 
ASA 600-Ib suction and discharge 
flanges. Both flanges are on a common 
centerline at right angles to the axis 
of the shaft. A cover plate on the front 
side of the compressor can be removed 
for access to the impeller and the entire 
rotating assembly. The outboard main 
bearing and the thrust bearing can also 
be removed from the drive end as well. 

The low speed coupling is a floating 
shaft assembly.* Coupling sizes and 
shaft lengths have been carefully inves- 
tigated for torsional vibration charac- 
teristics. 

Overall length of the unit from 
the turbo-charger air inlet flange to the 
cover plate on the front of the centrif- 
ugal compressor is 46 ft 6-in. The pitch 
spacing of units placed side by side 
would be 22 ft. Estimated total weight 
~ 2Western Gear Works Model 4525-TS. 


‘Cooper-Ressemer RFB-24. 
‘Thomas 1390-BM 
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Three views of 16-cylinder en 
gine, gear-box, and centrifugal 
compressor illustrate compact 
ness of unit and equipment. 





of the unit including engine, gear and 
compressor is 337,000 Ib. 

Three engine driven pumps are 
mounted on the forward end of the 
engine. These pumps are the engine 
lube oil pump, engine jacket water 
pump and the circulating water pump 
to the lube oil cooling system. Since 
the engine lube oil requirements are 
different from those of the compressor 
and gear, there is a separate lube oil 
pump mounted on the intermediate 
shaft of the speed increaser drive to 
supply oil to the gear and compressor. 
The seal oil pump for the compressor 
shaft seal is driven from the other end 
of the intermediate shaft and takes its 
suction from the pressure supplied by 
the lube oil pump. A small motor 
driven auxiliary pump supplies oil to 
the seal system to permit the shaft to 
function before the compressor casing 
is pressurized. 

The compressor requires 20 gpm 
of turbine grade lube oil for the out- 
board sleeve bearing, thrust bearing 
and the high pressure shaft seal and 
inboard bearing. The high pressure seal 
oil pump takes 5 gpm from the above 
flow and delivers it to the shaft seal 
and high pressure sleeve bearing. An 
overhead emergency seal oil tank 
vented to the compressor casing floats 
on the seal oil pump discharge line. 
This tank has two functions, it supplies 
seal oil to the seal in the event of a 
pump failure and due to its elevated 
position above the compressor, it es- 
tablishes the differential pressure be- 
tween the gas pressure in the compress- 
or case and the oil supplied to the seal. 

In this particular installation, the 
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bottom of the seai oil tank is 10 ft 
above the centerline of the compressor 
shaft and with the normal oil level in 
the tank a static head differential of 
12 ft would be maintained above the 
gas pressure in the compressor casing. 
The vent line from the top of the emer- 
gency seal oil tank should tap the com- 
pressor casing behind the impeller 
since at this point the seal oil differ- 
ential pressure will be due to the 
static head of oil in the emergency seal 
oil tank. A level control on top of the 
emergency seal oil tank maintains the 
oil level in the overhead tank. The con- 
trol air from the regulator connects to 
the top of the diagram of a by-pass 
valve so that the oil level in the emer- 
gency seal oil tank is maintained. 
Since the seal oil pump delivers 
about 5 gpm at normal engine speed 
and the seal normally requires only 1.5 
gpm, the excess of 3.5 gpm _ passes 





The Author 


David M. Salls 
is application 
engineer with 
Cooper-Besse- 
mer Corpora- 
tion, which he 
joined in 1942. 

A graduate of 
Pratt Institute 
and the Univer- 
sity of Michigan, 
he was previ- 
ously employed 
by General Chemical Company as an 
engineering trainee. He is a registered 
professional engineer and an ASME 
member. 














through the by-pass valve and is avail 
able for maintaining seal oil pressure 
under some abnormal leakage con 
dition. A pressure switch is piped into 
the control air from the regulator on 
the emergency seal oil tank and con 
nected to alarm and shutdown devices 
to warn the operator of a low seal oil 
level and to shutdown the unit auto 
matically when the seal oil level ful 
ther recesses to the set level for shut 
down. 

The engine driven centrifugal com 
pressor unit is ideally suited to opel 
ation under a supervisory control sys- 
tem wherein the operator pushes 
master control switch on a panel board 
thus, starting a sequence that starts the 
engine and puts it on the line automati 
cally. 

Engine speed can be adjusted manu 
ally or an oil relay govenor with 
pneumatic head can be used to auto 
matically adjust the engine speed to 
maintain a set discharge pressure. The 
next step in automatic operation would 
be to operate the automatic starting 
control switch from a distant, point 
such as another compressor station o! 
the company dispatcher’s office. 

Such a system should require tele 
metering equipment so that the person 
operating the compressor unit will have 
indications of what the engine speeds 
and line pressures are. Alarm signals 
should also be transmitted to the re 
mote point of operations so that the 
operator will have an indication of 
some malfunction at the station. 

The engine driven centrifugal com 
pressor has many economic advantages 
to offer pipe line operations. Of firs! 
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Why pack all your troubles 
in your old stuffingbox ? 





























..: when you can replace packing 
with reliable 
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MECHANICAL SEALS 


B)...the number one name in mechanical 
seals .. . builds reliable mechanical seals to fit 
almost all makes and sizes of centrifugal 
pumps. Ask your local Byron Jackson sales 
office or write: 


Byron Vackson Co. 


Since 1872 
P. 0. Box 2017, Terminal Annex, Los Angeles 54, Calif. 
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importance is the advantage of low 
cost of installation of the unit. Since 
about 60 per cent of the annual cost 
of owning and operating a compressor 
station is in the annual fixed charges, 
it is apparent that low installation cost 
is very important. Installed cost of the 
basic unit including engine, speed in- 
creaser drive and compressor has been 
estimated at approximately $115 bhp. 
This figure includes freight, air start- 
ing equipment, fuel gas equipment, 
lube oil accessory equipment, cooling 
equipment including radiators, instru- 
mentation, service piping and concrete 
foundations. It does not include struc- 
tures, site, gas piping or engineering 
costs because these figures vary so 
widely with different operating com- 
panies. 

Annual fuel oil cost for operating 
compressor station equipment is the 
second most important item in the an- 
nual cost of owning and operating the 
station. Since fuel represents about 15 
per cent of the total annual cost, the 
high thermal efficiency of the super- 
charged gas engine over a wide range 
of engine loads offers a considerable 
saving in annual expense. 


Automatic Control System 

The automatic contro! system devel- 
oped to perform the supervisory sta- 
tion control of the unit described above 
is based on the use of explosion proof 
electrical equipment. It is similar to 
an installation in operation on a recip- 
rocating unit in Northern Natural Gas 
Company’s station at Mullinville, Kan- 
sas. (See page D-14, The Petroleum 
Engineer, April, 1955. 

The control system employs largely 
electrical devices as a means of pro- 
viding fully automatic control of a cen- 
trifugal compressor unit. These off unit 
engine controls can be located on a 
panel beside the individual engine or 
can be grouped on panels in a separate 
control room as desired, depending on 
the specific station layout. The particu- 
lar panel shown is based on a station 
having a common water cooling sys- 
tem for all units, but individual unit 
jacket water pumps, motor driven. 

The design as shown is based on a 
minimum of operating personnel being 
required, and provides both visual and 
audible anticipatory alarms to show 
conditions departing from normal on 
services such as lubricating oil and 
water temperatures and pressures. With 
the development of satisfactory auto- 
matic valve operators for local and re- 
mote control, it becomes possible to 
Start and place a centrifugal unit on the 
line with one operator. 

The control system is designed to 
permit an operator to start a centrifu- 
gal compressor unit and place it on the 
line with the minimum of manual oper- 











ations combined with the maximum 
of safeguards. As indicated on the ac- 
companying material, the only manual 
operations are: 


unit is affected by the general station 
layout in that fewer controls are in- 
volved if the self-contained unitized 
compressor engine setup is adopted. 
Some auxiliary power is required 
around any station for station func- 
tions, camp use, air compressors, light- 
ing, etc. With this in mind, it is believed 
that the provision of a 12 volt d-c con- 
trol system with charger probably 
represents a simple and still very de- 
pendable control arrangement. 


(1) operation of master control 
switch and 
(2) adjustment of the speed if speed 


change is desired. 


The panel provides adequate provisions 
in the way of indicator lights to deter- 
mine the location of the valves and 
tachometer for engine speed. All elec- 
trical equipment provided is explosion- 
proof. 

The control system for an individual 


See following pages for contro! dia- 
gram and description » 








COATING & WRAPPING MACHINES 


Line Traveling Over-the Ditch or 
Stationary Yard and Railhead types 


ALSO: Cleaning and 
priming machines — line 
traveling or stationary. 
Glass Pipe Wrap, Asbestos 
Felt Wrap, Kraft Wrap, 
and Rock Shield. Tar- 
Heating Kettles, Burners, 
Patch Pots and Accessories. 


Machines for every job are available 
— for pipe from 2” to 36”, for any 
coating and wrapping combination 
from single-coat, single wrap to 
double-coat double-wrap. Per- 
rault’s years of field experience 
have developed the most efficient, 
most dependable equipment you 
can find. And Perrault’s earnest 
desire to give customer satisfac- 
tion assures you of the best 
service to be had. You'll do 
better when you call Perrault 
Equipment Company. 


Sole Owner, W. O. DIXON 


° 
MMAMAAATT LT. i 
a | 


TELEPHONE 5-1103 @© 1130 NORTH BOSTON @ TULSA 6, OKLAHOMA 
EXPORT OFFICE: SUITE 1655, 45 ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 


AND: Pneumatic-Tired 
Lowering-In Cradles, Ad- 
justable Pipe Cradles, 
Five-roller Cradles, Tongs, 
Hooks, Blocks, Belts, Slings, 
Line-up Clamps, Hand 
Tools, Supplies and Equip- 
ment of every sort. 





THE PETROLEUM ENGINEER, June, 1955 





D-57 


To obtain more information on products advertised see Page E-43 











— 
1 
S 
A 
B 
— ss 
Tk 















































ee | NQLHS 
4 $3¥d 01 MOT 
' ‘ 
4 ® a 
xe "MS 
exd ki; ot 
yo. | sv ae 





























"wmuBAsBIGG [043 TaNVd NILON * w 
-uo0D ey} JO 10Y43NB 24} SI ‘UOIZBIOdAOD .leUulasReg dIULS TWNIWUSL ‘STIVNIWYSL 13NWd —o- j “ 
-1ad00Q9 38 JaeulIsue [Bd1I1}0a/9 ‘uosdueg “"N “A NOILIGNOD ONINNAY NMOHS ONRIM = o 
suawBpeimouxry ‘3LON : 
o 
© 
4 
= 7 
i“ rs ‘aon ca 
ONIdid t dwal Mf IH Fa 
DILVW3HIS Yvay v5 Z 
Z 
: os ui 
Poem L-AS vs =e NadO 3A1VA : : 
€ z oo | f 
poe ee to C rr NMOHS LON SLINDUID . s 
NMOGINHS IVNOWIGaY J a 
pant Ae 
oe ' r— I "» y y , = | 2) 
e 
Ww 
oh 
a= 














Or ae 




















> > ax a > | 13nd Eid. - 
Pe Be MO ate v4 LD 
LPS OPP gh OC 7h NEIND 
at ay: 
2 











SONINNNY NMOHS 
v7 * 06 * 9F MIA LNOUd TaNVd 











| 





.,N3dO BATVA 
-t; -eo OS 


ay. 4-4 ¢ 
‘ 


WaVIV S3ud 
po a 
SVS OHDIC IH 















































NMOHS LON SLINDUID 
WavVIV IVNOILIGGV 


> 


Sw, 







































































































































































? 











a 
-T~ waviv prsacen ‘oe Tt 
¢ tag , : : : _— 
‘al co ss © dWal Mf IH hat teed Bet ' : 
ele sg (—— +4] a 3a NOMS 
WOWAd) TYLN>° ATIL— BAT RY 
K_¥ 310W34 
oe ©) dw3l Mf : 
UW Wavy $ 8 
\s .-«. : : ° " ¥ 
oe r eo : . ; ‘ ‘ fh $3ad 
cS & s *$34¥d O1 MO1 : : Ow on H NGLHS K tale Sy9, 13nd, sgM 
e.. i aLOw3¥ ; Las 
@ , atts * —@)44 Fa &. n : 
— a et AVTY THIND) Soe it: 
ana mol awit MS oUIV —_ Dake ‘ainda ‘xnv CS if: 
saul _ i E-aait- 2 Z-AS 4O LD —HHE! 
Ha IINIUS NYOH |: 7A ; 4 
oO _— “ey 


Tv ! 





NaOH a De y 
: cud tanec 











t 
| 
o 

D-58 








. “OI? #1 AOLL 



































Typical Automatic Control of Engine Centrifugal Compressor 
: i Station With Motor Driven Auxiliaries 
Og Preparation For Start of Automatic Compressor Station: 
oh 
rp 1. Check for power to panel. 2. Check for fuel gas pressure. 
=: a. Discharge valve—green light on indicating valve closed. 3. Check to insure that: 
eo b. Suction valve—green light on indicating valve closed. a. Valve control is set on automatic. 
= c. Blowdown valve—red light on indicating valve open. b. Alarm circuit switch is set in on position. 
Zs 
de START: 
ok PANEL OPERATION EQUIPMENT OPERATION 
28. A. Manual Operation: 
ESE 1. Manually turn master unit control switch to start position and 
ay: release to run position. 
ae B. The Resulting Operations Are All Automatic: 
LE: 1. Auxiliary control relay CR-1 closes (Green light for Aux comes Water pump starts closing water pressure 
on). Holding relay CR-2 energized. switch W. P. 
2. Valve control relay CR-4 energized by Holding relay CR-?2, Discharge valve opens. Blowdown valve 
energizing, open circuit of discharge valve; (Red light comes on closes. 
indicating discharge valve open and green light goes out), close 
circuit of blowdown valve; (green light comes on, red light goes 
out). 
6 Starting speed control solenoid SV-3 energized. 
$2 3. After valves complete travel interlock circuit of starting air Starting air valve opens and engine rolls, 
9% solenoid SV-1 completed. purging air and exhaust systems, building 
93 up inlet manifold air pressure. 
zz 4. Inlet manifolds air pressure switch SA-1 closes, energizes purg- Following purge period, ignition is turned 
3F ing time delay relay, CR-5. After 10-15 seconds time, purging on. 
z3 delay relay CR-5 closes, energizing the ignition relay Ign. 
628 (Green light indicating ignition on is lit.) 
aes 5. Ignition relay Ign energizes gas solenoid SV-2 (Green light in- Gas admitted to engine in starting quantity, 
9 32 dicating gas on is lit). by automatic gas control valve. Engine 
25 starts and accelerates to low speed, coming 
re under governor control. Inlet manifold air 
6. Inlet manifold air pressure switch SA-2 is activated, de-energiz- pressure and lube oil pressure increases. 
ing starting air control circuit through solenoid interlock circuit. Starting air is shut off. 
SA-2 also operates valve control relay CR-6. Relay CR-6 sets up 
circuits for opening suction valve. 
7. Lube oil pressure switch operated by oil pressure, opens circuit Engine pump has developed normal lube 
to relay CR-2. oil pressure, and lube oil shutdown OPS 
is in normal running position. 
8. Release of CR-2 permits governor to take control of engine, Engine accelerates to previous running 
brings safety shut downs into circuit, and drops valve control speed setting. Suction valve opens. Engine 
| relay CR-2. The running speed is set by means of the speed con- is now on the line and loaded. 
trol knob located on the panel. If the speed at the time the 
it ¢ engine was shut down was engine rated speed, then the engine at 
ay this time accelerates to rated speed, providing no adjustments 
é have been made with the speed control knob. As an alternate to 
this manual control of speed, automatic speed and/or unloading 
controls can be provided if desired. 
9. Release of CR-4 completes, open circuit of suction valve (red Suction valve opens. 
light on, green light out). mn: 
10. Engine on line pumping gas. 
STOP: 
When shutting down, turn master unit control switch to stop. Engine will immediately shut down in the following 
manner: 
1. Gas solenoid SV-2 immediately closes shutting off the gas. 
2. The ignition is maintained while the gas engine is still turning from momentum. 
3. As the inlet manifold air pressure falls, inlet manifold air pressure switch SA-2 operates causing the discharge 
and suction valves to close, and blowdown to open through circuits of valve control relays CR-4 and CR-6. 
a 4. Further decrease in inlet manifold air pressure results in releasing ignition relay Ign. 
5. The engine is now down and all relays and their contacts, including lights, are in the position described prior 
to starting. 
Relay CR-3 is a cutout to de-energize the shutdown circuits when unit is stopped. This relay holds the shutdowns 
out for starting, allows shutdowns to come in after engine is running. 
The control circuit as shown, was developed for 110 v., 60-cycle control voltage, however, other voltages may be 
used. The parts used in the circuit are standard manufactured parts available from several different relay manufacturers. 
———F— 
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Pipe Line Projects 





Work Starts on Magnolia 


Pipe Line in Texas 

Work has begun on 215 miles of 
crude oil pipe line for Magnolia Pipe 
Line Company between Midland and 
Corsicana, Texas. The system will be 
12, 14, and 16-in. diameter pipe. 

Contracts have been let to H.B. 
Zachry Company and O.R. Burden 
Construction Company. Zachry is 
working from the Corsicana end and 
Burden from Midland. Work should 
be completed in October. 

Magnolia has an existing 12-in. line, 
which is partially looped, between 
Corsicana and Midland. 


Revised Welding Standards 
Manual Announced 


Publication of a third edition of the 
“Tentative Standard for Field Welding 
of Pipe Lines,” incorporating certain 
changes resulting from comments on 
the second edition issued in February, 
1954, has been announced by the API. 

Principal changes are in the welding 
section where rather extensive revisions 
have been made. The important ad- 
ditions to this revision are the Pro- 
cedure Qualification requirement and 
sketches of test specimens. 

The Standard and its latest revision 
were prepared by a committee on 
which serve representatives from the 
American Gas Association, Pipe Line 
Contractors Association, Pipe Manu- 
facturers, and the American Petroleum 
Institute. The American Welding 
Society and the Society for Nonde- 


New Laboratory. /n operation at Joliet, Illinois, is this new 
laboratory of Natural Gas Pipe Line Company of America and 
Texas-illinois Natural Gas Pipe Line Company. The new, modern 
unit replaces similar limited facilities in operation since the begin- 
ning of operations of the Natural system. Of brick construction, 





structive Testing now have official 
representation on this committee. 

Copies of “API Standard 1104, 
Third Edition, Tentative Standard for 
Field Welding of Pipe Lines,” may be 
ordered from J. A. McNally, Ameri- 
can Petroleum Institute, 50 West 50th 
Street, New York 20, New York. The 
price is 50 cents per copy. 


the lab has two offices, balance room, reception room, labora- 
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Big Bertha Howitzer? No— 

front view of the first vertical hy. 
draulic pipe bender ever built. The ma- 
chine, designed for interchangeable bend- 
ing sets for cold smooth bending of pipe 
from 16 through 30-in. diameter, is built 
by Cinch Pipeline Equipment, Inc., 7020 
Long Drive, Houston, Texas. The overall 
width of the new machine has been held 
to 7-ft, 5-in. Weight is about 27,500 Ib 
with tracks and bending set mounted. A 
special design for 36-in. pipe has also 
been constructed, with a 7-ft, 9-in. width 
with tracks. Either type can be moved 
cross-country on its tracks. 


Cities Service Plans Pipe 
Lines in Oklahoma, Kansas 


Permission to construct a 93-mile 
pipe line between Blackwell, Okla- 
homa, and Independence, Kansas, has 
been requested of the Federal Power 
Commission by the Cities Service Gas 
Company. 

Also included in the application is 
requested permission for a 145-mile 
gathering system in Barber County, 
Kansas, and Woods County in Okla- 
homa. 

The pipe lines, ranging in size from 
4 to 20 in., will cost an estimated $2,- 
961,500 and deliver gas into a 26-in. 
line near Alva, where a 2700-hp com- 
pressor station, costing $753,000 will 
be built. 

Glenn W. Clark, president of the 
company, said the new construction 
will make additional volume of gas 
available to meet higher peak day de- 
mands. 


tory and ample storage and utility space. It will perform a multi- 
tude of services for the system's three operating companies, 
including Natural Gas Storage Company of Illinois. New building 
is pictured at left; interior of lab showing low temperature frac- 
tional distillation equipment shown at right. 
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Projects 


Major Line Extension to Be 
Made by Saskatchewan Power 






























ry e 
Major extension of the Saskatche- . “There are ” * ° 
wan Power Corporation natural gas ’ 2 . 
— pipe line system in the north central . lots of things more ‘ 
art of the province are to be laid this . 
ics ones in order to provide more gas = important than > 
hy- for the city of Saskatoon and new ae money” (- 
met service for the city of Prince Albert . 
nd- and the town of Biggar, in the same "x ahd oe 
pe general region. Supplies are to be 
wilt drawn from the expanded Brock-Cole- 
)20 ville composite gas cap, which now 
rall serves the pipe line from Brock to 
eld Saskatoon, 102 miles in length. This 
) Ib line was laid in the summer of 1953. 
-A The first phase involves construction 
also of a 14-in. pipe line from Coleville to 
idth Saskatoon, via Biggar, a total of 115 
ved miles. This line will act as a loop of the 
existing line, as well as providing new 
service for intermediate towns along 
its route, The second phase will consist 
. of 10 and 12-in. lines, totaling about 
nile \25 miles and extending from Saska- 
‘la- toon to Prince Albert by way of a 
has number of small towns on the route. 
wer The corporation now has some 7000 
Jas services operating in Saskatoon, and, 
although it has made no official esti- 
1 Is mate of the potential for the expanded 
nile system, a figure of an additional 5000 
ity, to 6000 services for connection this 
cla- year and next appears reasonable. > “Yeah, but youcan’t =, 
The closing date for tenders was - 
‘om set May 4, with a requirement for i date ’em if you don’t 
b2,- completion of construction by October ‘. 
“In. | at the final destination in Prince ° have dough!” ‘ ’ 
om- Albert. Assuming a normal construc- ws + 
will tion season, without unusual interrup- 7-0 «= . as gg te se 
tion due to average wet weather, the ° 
the entire job should be capable of com- 
on pletion within the time limit using two 
gas spreads. This is the only major pro- The guy on the right is Joe Roughneck. He’s the brains 
de- ject certain of being carried out in the - and the brawn of the oil industry. Whether he is on a rig 
current construction season and bid- in the field or whether he has moved up to be president 
ulti- ding is understood to have included all of his company ... he knows oil... and pipe. 
es, the pipe line contractors operating in ines ails 
Jing Western Canada. And there’s another thing Joe knows... that just around 
rac- . the corner is Lone Star, a completely integrated steel mill 
Products Line Planned For whose specialty is manufacturing API casing, line pipe 
Iran; Contracts Awarded and tubing. Top quality ... quick delivery ... largest mill 
The National Iranian Oil Company stock in the Southwest... homefolks... it’s a natural, as 
has awarded contracts for construction “natural” as six-ace, or five-deuce! 
of a 573-mile, 10-in. products pipe line 
from Ahwaz to Teheran, Iran, beginning Neighbor, wherever you are, specify Lone Star... and 
in September. The system will cost we both get a good deal! 
$32,000,000 to build and will have a 
capacity of 40,000 bbl a day. Source 
of the products will be the Abadan 
refinery. pet STE -— b 
To Costain-John Brown, Ltd., Lon- 
don, went the contract to construct the : c Oo M P A N 
southern section, 337 miles that will 
ap $18,200,000. On this section the grote te nse Atay e P. O. Box 8087 e Dallas, Texas 
Zedran Mountains will be crossed at , pisteres Saces orcices 
an elevation of 10,000 ft. Houston, Texas | Midland, Texas San Antonio, Texas 
The firm of Entrepos, Paris, will lay Tulsa, Oklahoma | Wichita Falls, Texas | Shreveport, Lo. 
the northern 236 miles, costing $14,- | 
000,000. | 
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United States Steel’s Consolidated Western Steel Division's new steel pipe manu- 
facturing plant near Provo, Utah, last month began producing large diameter, high 
strength expanded line pipe. Equipped to manufacture pipe in sizes from 20 to 36-in., 
the new plant is on a 117-acre site across the street from the Geneva Works of U. S. 
Steel's Columbia-Geneva Steel Division. Machinery for the manufacture of the large 
diameter pipe is installed in the 175,000-sq ft main building of the plant, which will 
have five acres under roof when construction of all buildings is completed later this 
year. Pictured above is the main building with its twin 980-ft bays. The mill's large 
diameter pipe production line is now operating in one bay, while the second is being 
readied for the installation at an early date of machinery for the manufacture of small 
diameter, resistant-weld line and water pipe in sizes from 4 to 12% in. A 300-ft shipping 
bay and an 180-ft receiving bay make up the rest of the main building. 


Westcoast Wants to Begin 
Construction This Summer 


Westcoast Transmission Company, 
Ltd., has asked permission of the Ca- 
nadian government to change its capi- 
talization in order that it may begin 
construction this summer on its 650- 
mile gas line. Being sought is a change 
in its authorized capitalization from the 
present 5,000,000 no-par shares to 25,- 
000,000 shares at $2 par value. Com- 
pany Officials say this refinancing is 
necessary because cost of the pipe line 
as now planned is much greater than as 
originally proposed. 

As now designed the system will 
extend from the Peace River area to a 
point near Sumas, Washington, where 
it will connect with Pacific Northwest 
Pipe Line Corporation’s trunk line 
from the San Juan Basin. 

Present plans are for delivery of gas 
to the Vancouver area by July, 1957, 
and completion of the system to its 
terminus at Sumas by November 1, 
1957. It will be constructed of 30-in. 
pipe and will have an initial through- 
put of 370,000,000 cu ft a day. Of this 
volume 300,000,000 cu ft will be deliv- 
ered to Pacific Northwest for con- 
sumption in the United States and 
70,000,000 cu ft will be marketed in 
British Columbia, principally the Van- 
couver area. 

In addition to the main line, there 
will be 225 miles of 8 to 26-in. gather- 
ing lines. 

Canadian Bechtel, Ltd., is doing the 
engineering work and will supervise 
construction. 
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Gulf Interstate to 
Install Robot Station 


Gulf Interstate Gas Company has 
received FPC approval to construct an 
experimental remote controlled, un- 
attended booster compressor on its 
system near Stanton, Kentucky. The 
new station, to be controlled from the 
firm’s present Clementsville, Kentucky, 
station, 80 miles away, will be the first 
of its kind in the gas transmission in- 
dustry. 

Outstanding feature will be the in- 
stallation of a 3700-hp 16 cylinder, 
V-type, 4-cycle, turbocharged, vertical 
gas engine driving a centrifugal com- 
pressor through a speed increaser. (See 
article on Page D-54, this issue, for fur- 
ther description.) 

Company officials say the station 
will be tested over a 15-month period 
to determine the practicality of the 
operation. Cost of the station is esti- 
mated at $730.000. 

If the experiment fails, the company 
expects to salvage $450,000 of the ini- 
tial cost. 

Gulf Interstate’s Stanton station is 
uniquely first in that it will be the first 
engine-centrifugal station designed for 
fully automatic operation from a re- 
mote control point. No attendant will 
be needed at the station. The station, 
however, is the second to be announced 
that will use an engine-centrifugal unit. 
A similar installation will be made this 
summer by Transcontinental Gas Pipe 
Line near Houston, Texas. (See page 
D-77, The Petroleum Engineer, May, 
1955.) 


TGT Asks FPC Okay For 
$56 Million in Projects 

Tennessee Gas Transmission Com. 
pany has propsed to the FPC that jt 
build $56,000,000 in pipe line ang 
compresor facilities, including an ex. 
tension of its gas gathering system into 
southeast Louisiana and Mississippi 
River delta areas. 

Capacity of the company’s natura 
gas transmision system would be hiked 
to 1,800,000,000 cu ft daily and to 
2,180,000,000 cu ft on peak days by 
construction of the new facilities. They 
would be used to increase sales to new 
and existing customers along the sys. 
tem from Mississippi to Massachusetts 
by 148,000,000,000 cu ft daily. 

In Kentucky and Ohio, 221 miles of 
30 and 26-in. pipe would be laid paral. 
lel to the existing pipe line system, and 
12,540 hp would be added at new and 
existing compressor stations. 

New stations would be built with 
4400-hp each year near Winnsboro, 
Louisiana, and New Albany, Mississip- 
pi; 2640-hp would be added to the com- 
pany’s existing station near Kinder, 
Louisiana; and authorization was 
sought for an additional 1100-hp at an 
authorized but as yet unbuilt station 
near Findley Lake, New York. 

New gas reserves to be made avail- 
able by extension of the gathering 
system would support the additional 
sales and also reinforce the company’s 
over-all gas supply position. Made 
part of the application were 87 gas 
supply contracts with 57 producers 
in 64 Louisiana and Texas fields. 

Approximately 376 miles of gas 
gathering line, ranging from 6 to 24- 
in., are planned in Louisiana and 
Texas. 


Revised Piping Code 
Released to Industry 


A revised Section 8 on Gas Trans- 
mission and Distribution Piping, ASA 
B31.1, dealing with gas industry piping 
systems has just been released by the 
American Society of Mechanical Engi- 
neers. 

The new section of the American 
Standards code has been approved by 
the American Gas Association board 
of directors, the ASME Board of 
Codes and Standards, and the Ameri- 
can Standards Association. It estab- 
lishes safe standards in the design, 
fabrication and installation of gas 
transmision and distribution pipe line 
systems. It also covers the safety as- 
pects of inspection, operation, and 
maintenance of gas pipe lines. Included 
also under the new Section of the Code 
on Pressure Piping are gas compressor 
stations, gas metering and regulation 
stations, gas mains and gas services 
up to the customer’s gas meter. 
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Mark the 


Spot 


Such spots are numbered by the hundreds. Nor 
are all of them confined to the “dust bowl” areas 
of the nation. Find a cost-minded management 
that recognizes how dust damage contributes to 
engine down-time and repairs and you'll find 
dependable Cycoil Oil Bath Air Cleaners on 
the job. 


What’s the secret of Cycoil’s industry-wide 
acceptance? They’re designed to fight for every 
particle of dust. Thorough mixing of oil with 








Where Engines and Compressors Enjoy Complete Dust Protection 


the intake air at the start results in over 90% of 
the dust content being trapped before it even 
reaches the Cycoil’s filter pads. Then comes the 
final cleaning action of the filter pads for re- 
moval of the remaining 10%. Net result— 


approximately 100% clean air. 


Why not get a firsthand report from the folks 
who really keep a running score on Cycoil per- 
formance? Write us today for list of representa- 


tive users and complete Cycoil data. 


Aentuan Aw Fitter 


COMPANY, INC. 


384 Central Avenue, Louisville 8, Kentucky « American Air Filter of Canada, Ltd., Montreal, P. Q. 


To obtain more information on products advertised see Page E-43 D-63 








. " : PIPE LINE _ 
Stop Corrosion! “n 
Th 
panei PERSONALS): 
for C 
WITH 74fatco CATHODIC PROTECTION SYSTEMS , - 
>» Kenneth R. Knapp has retired from recon 
the AGA laboratories after 44 years of rodt 
service in the gas industry. He was active i 
in the development of the American ave 
Standard for installation of gas Piping will | 
and gas appliances in buildings, serving neces 
on the committee since its inception jp pum} 
1925. A 1911 graduate of the University n 
of Pennsylvania, Knapp was employed by — 
United Gas Improvement Company, will t 
Philadelphia, for 12 years and was later Wolv 
with Philadelphia Gas Works Company. also | 
In 1929 he joined the AGA laboratories liver’ 
staff at Cleveland, Ohio. land. 
; > Robert G. Bushnell has been elected Cc 
John Kirtley vice president and treasurer of the Buck. crud 
eye Pipe Line Company, it is announced k 
by George S. Patterson, president. owe 
troit. 
>» John M. Wilson, director of employee E) 
relations, United Fuel Gas Company, prod 
Charleston, West Virginia, was elected 
chairman of the Great Lakes Personnel the \ 
Conference of the American Gas Associ- the 
ation at a meeting held in Chicago. Also at T 
elected officers of the conference for the of tl 
coming year were W. E. Hoare, employee 
relations director, The Ohio Fuel Gas 





Company, Columbus, vice chairman; Sou 
and Emory A. Manlove, assistant to the Cru 
vice president of the Peoples Gas Light 

and Coke company, secretary for the Se 
coming year. 


Industry's No. 1 Enemy can be stopped by HARCO. 


Now there is a “police force’’ ready to help you in 
stopping thief corrosion. Harco engineers are 















defeating the ravages of electrolytic corrosion of ' oa 
underground and underwater piping. > W. M. Elmer has been appointed senior = 
, vice president in charge of financing, sion 
HARCO JOB-ENGINEERED SYSTEMS provide necessary W. L. Stanton sales, gas supply, production, and FPC the 
testing, drawings, materials, installation regulation for Texas Gas Transmission toa 
deh ities Corporation. John Kirtley has been taf 
. elected vice president in charge of public - 
HARCO INSTALLATION CONTRACTING is completed to and employee relations for the company. mos 
customers specifications and covers as much of total ; = pty ee et gan cape VW. Mey. pun 
. . rs uae - ¥. We , imn 
job as voquived. HARCO wit assist in evaluation | thaler has been elected treasurer to suc- 1 
and solution of your particular problems. | ceed Elmer. “i 
Stop the thief Corrosion Now! > Dennis L. Newberry of Livermore, pan 
Specify HARCO .. . FIRST IN THE Kentucky, division safety manager for sub 
FIELD OF CATHODIC PROTECTION. | Texas Gas Transmission Corporation Pip 
Write today f, tall Nl | since last September, has been appointed 
SRO SOSSY SOF CGI" OF C6 | to the newly-created position of sales rep- Cai 
MOntrose 2-2080 resentative in the company’s sales and ted 
customer relations department. anc 
> Glover H. Cary, Jr., Owensboro, Ken- kat 
tucky, who has been a foreman in the in t 
company housing department since July, Pir 
1952, has been named to the position of | 
V. M. Meythaler safety engineer and assigned to the safety t 
division III area formerly covered by str 
Newberry. lin 
; thi 
> A. L. Vaughan, superintendent ol the 
Northern Natural Gas Company com- 
pressor stations, has been re-elected to 
the board of directors of the Natural Gas- Pe 
oline Association of America for a term A 
of three years. He has just completed 
f serving a one year term as director. 

Natural Gas Pumping Station Utilizes Harco-Engineered Cathodic Sauen is in PO se supervision of com- . 

Protective System to Eliminate Corrosion in Underground Lines pressor facilities of Northern and _ its " 
THE subsidiary, Permian Basin Pipeline Com- el 

, pany. These facilities include 33 yee “4 SIC 
COR ATION Catholic sor stations and 15 processing plants lo- Sp 
POR Oo pP gory cated in New Mexico, Texas, Oklahoma, er 

we Nebraska, Iowa, and Minnesota. 

17020 Broadway « Cleveland, Ohio 4 6103-HC | tai , - 
Cleveland *« New York * Chicago © Philadelphia ¢ Detroit ¢ St. Louis « > Frank D. Gardner, Sinclair Crude Oi B 
Lovisville * Minneapolis * Oklahoma City ¢ Los Angeles ¢ Seattle * Houston Company, is a new member of The Pipe C 
* Atlanta « Lynchburg * Pittsburgh * Albany . Davenport *® Toronto, Canada | W. M. Elmer Liner Club of Tulsa, Oklahoma. 

Tk 
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1955 


Buckeye Pipe Line 
Schedules Three Projects 

The Buckeye Pipe Line Company 
has scheduled the following projects 
for completion during 1955: 

An existing 8-in. crude line is to be 
reconditioned and made suitable for 
products service from Toledo to 
Cleveland, Ohio. A new pump station 
will be built at Toledo together with 
necessary tankage and _ additional 
pumping equipment installed at Wake- 
man Station, Ohio. At Toledo products 
will be received from the system of the 
Wolverine Pipe Line Company and 
also from refineries in this area for de- 
livery to shippers terminals at Cleve- 
land. To be finished October 1, 1955. 

Construction of a 14-mile 10-in. 
crude line from the Wayne Station of 
Buckeye’s system in Michigan to De- 
troit. To be completed October 1, 1955. 

Extension of Buckeye’s Midwest 
products system from Lima, Ohio, to 
the vicinty of Ft. Wayne, Indiana, for 
the handling of products originating 
at Toledo. To be finished by the end 
of the year. 


Southeastern Saskatchewan 
Crude Oil Lines Planned 


Several new companies are applying 
for Parliamentary incorporation at 
Ottawa with a view to seeking permis- 
sion to build a crude oil pipe line from 
the southeastern Saskatchewan fields 
to a junction point on the Interprovin- 
cial Pipe Line company system. The 
most likely connection is Cromer 
pumping station in western Manitoba, 
immediately south of the Daly oil field. 

The companies seeking incorpora- 
tion include Westspur Pipe Line Com- 
pany, which would be a wholly owned 
subsidiary of Imperial Oil; S & M 
Pipe Line Compay Ltd., affiliated with 
Canadian Devonian Petroleums Limi- 
ted, a substantial holder of freehold oil 
and gas rights in southeastern Sas- 
katchewan and a large joint operator 
in the Frobiher field; and Trans-Prairie 
Pipelines Ltd., a Manitoba company. 

Mos of the aplicants propose to con- 
struct about 100 miles of 8-in. or 10-in. 
line and, if successful early enough 
this year, would try to have the line in 
the ground by next fall. 


Pacific Coast Gas 

Association Convenes 

On May 2-3 the Pacific Coast Gas 
Association conducted its annual con- 
ference on Gas Supply and Transmis- 
sion at the El Mirador Hotel in Palm 
Springs, California. J. A. Millan, South- 
ern Counties Gas Company, was spon- 
sor of the conference,while Frank R. 
Bater, San Diego Gas and Electric 
Company acted as general chairman. 


THE PETROLEUM ENGINEER, June, 1955 





New. The Cat D9 tractor, sixth machine in Caterpillar’s crawler line, is a 230-drawbar 
horsepower turbocharged tractor resulting from 10 years of big tractor research and 
development. Thoroughly field tested during 1954, when Caterpillar put ten D9Xs on 
various jobs from coast to coast, it is expected that the 56,000-Ib machine will have 
construction applications. 


Southern Pacific Pipe 
Line Contracts Awarded 

Contracts for construction of part 
of the Southern Pacific Pipe Lines, Inc. 
800-mile products pipe line system 
between El Paso and the Los Angeles 
area have been awarded. 

River Construction Corporation, 
Fort Worth, will build a 150-mile 8-in. 
section between El Paso and Lords- 
burg, New Mexico, along the Southern 
Pacific Railroad tracks. 

R. H. Fulton and Company, Lub- 
bock, has contract for 150 miles of 8- 
in. between Lordsburg and Tuscon, 
Arizona. 

Remainder of the system will be con- 
tracted later. Construction is to begin 
immediately on the first 300 miles. 


Texas Eastern Contracts 
Awarded on New Line 


Four contractors have been awarded 
work on six sections of Texas Eastern 
Transmission Company’s 382-mile, 30- 
in. Beaumont to Kosciusko, Mississip- 
pi natural gas line. The new line will 
replace “Little Inch” being removed 
from gas service and planned for con- 
version to products transportation. 

Awards made included Houston 
Contracting Company, section I, 59 
miles of 30-in. between Beaumont and 
Gillis, Louisiana. Sections II and III 
awarded to Williams Brothers, Tulsa, 
120 miles of 30-in. between Gillis and 
the Mississippi River. Sections IV and 
V, awarded to H. C. Price Company, 
Bartesville, Oklahoma, 134 miles of 
30-in. from the Mississippi River to 
Jackson, Mississippi. Section VI was 
awarded to H. B. Zachry, San Anto- 
nio, 67 miles of 30-in., Jackson to Kos- 
ciusko, Mississippi. 


Pacific Northwest Line 
Construction Awarded 

First phase of Pacific Northwest 
Pipeline Corporation’s gas pipe line 
construction program is underway 
with awards made to six contractors 
for work totaling 555 miles of the 
planned 1466-mile system. Cost of the 
first 8 sections of 22-in. pipe totals 
$11,236,000. 

Awards included: 

River Construction Corporation 
Fort Worth, Texas. Two sections of 
26-in. totaling 150 miles between 
Ignacio and Moab, Utah. 

R. H. Fulton and Company, Lub- 
bock, Texas. Two sections of 26-in 
totaling 160 miles between Moab and 
Jensen, Utah. 

Associated Pipe Line Contractors, 
Inc., Houston, Texas. One section of 
26-in., 77.6 miles between Jensen and 
Green River Wyoming. 

A. J. Curtis Construction Company 
Casper, Wyoming. One Section of 22- 
in., 82.8 miles from Greene River to 
Sage, Wyoming. 

B & M Construction Corporation, 
Oklahoma City, Oklahoma. One Sec- 
tion of 22-in., 90 miles, between Sage 
and Lava Hot Springs, Idaho. 

Midwestern Constructors, Inc., Tul- 
sa, Oklahoma. One section of 22-in., 
95 miles, between Lava Hot Springs 
and Burley Idaho. 

Another gas pipe line system that 
will connect with Pacifiic Northwest, 
a 380-mile, 22-in. line, to be built by 
Colorado Interstate Gas Company, is 
also scheduled for construction this 
summer. One section of the line, 126 
miles, has been awarded to Houston 
Contracting Company, Houston, Tex- 
as. The section is between Denver and 
Laramie, Wyoming. 
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WITH THE 





PIPE LINE 


CONTRACTORS 


@ Arey Construction Company, Box 1501 
Pampa, Texas. Has 100 miles 6-in for 
Shamrock Oil and Gas Company. Ama- 
rillo to Lubbock, Texas. H. V. Gorman, 
superintendent. 


@ Baughman Contracting Company, Box 569, 
R. D. #1, Cumberland, Maryland. Has large 
amount various sizes for Manufacturers 
Light and Heat Company, West Virginia 
Natural Gas, and Cumberland and Alle- 
gheny Gas Company. 


@ Vaughn & Taylor Construction Company, 
Inc., Box 2624, Odessa, Texas. Has 265 
miles of 3, 4, and 6-in. products line in 
Kansas and Oklahoma for Okan Pipe Line 
Company (subsidiary of Warren Petro- 
leum Company, Tulsa). 


@ Houston Contracting Company, 2707 Fern- 
dale Place, Houston 6, Texas. Has 65 miles 
of 12-in. products line for Shell Pipe Line 
Corporation, Baton Rouge to Norco Re- 
finery (New Orleans), Louisiana. Job 
resumed and underway after delay due to 
right-of-way acquisition. Also has 84.8 
miles of 36-in. (with H. C. Price Com- 
pany) in Alabama and Georgia for 
Transcontinental Gas Pipe Line Corpo- 
ration. Also has 14 miles of 20-in. for 
Texas Gas Transmission Corporation 
near Minden, Louisiana. Has 126 miles of 
22-in. for Colorado interstate Gas Com- 
pany from Laramie, Wyoming, to Denver, 


@ Panama-Williams Company, Melrose Build- 
ing, Houston, Texas. Has 36 miles of 30-in. 
and 31.4 miles of 36-in. in South Carolina 
and North Carolina for Transcontinental 
Gas Pipe Line Corporation. W. H. Shiflett, 
superintendent; Lloyd Evans, assistant 
superintendent; Hank Scherer, office 
manager. 


@ Williams-Austin Company, Grant Build- 
ing, Pittsburgh 19, Pennsylvania. Has 31 
miles of 26-in. loop gas lines in West Vir- 
ginia for Atlantic Seaboard Corporation. 
Warehouse at Buckhannon, West Virginia; 
Ed Peters, general superintendent, Ralph 
Gaddy, spread superintendent. 


@ O. R. Burden Construction Corporation, 
6702 East 21st, Tulsa, Oklahoma. Has 31 
miles of 30 and 36-in. in Louisiana for 
Transcontinental Gas Pipe Line Corpora- 
tion. Also has 120 miles of 12 and 14-in. 
between Midland and Corsicana, Texas, 
on looping project for Magnolia Pipe Line 
Company. Bob Jones, superintendent. 


@ H. L. Gentry Construction Company, Box 
32, Perrysburg, Ohio. Has 18 miles of 20-in. 
in West Virginia for United Fuel Gas 
Company. 


@ H. B. Zachry Company, Box 2570, San 
Antonio, Texas. Has 90 miles of 12 and 
16-in. loops for Magnolia Pipe Line Com- 
pany, eastern section of the firm’s Mid- 


@ B&M Construction Corporation, Oklahome 
City, Oklahoma. Has contract for constrye. 
tion of 500 miles of 12-in. products ine 
from Cadiz to Zaragoza, Spain, for U, 5 
Navy as part of joint venture. A. C. Mon. 
tin, project manager, in care of Hilton 
Hotel, Madrid, Spain. Job to start June 
1, 1955. 


@ Mannix, Ltd., 332 7th Avenue West, Cg. 
gary, Alberta, Canada. Has 100 miles of 3 
through 10-in. gathering system for Pem. 
bina Pipe Line Company. George Hupp 
manager; field office at Drayton, Valley, 
Alberta. 


@ Modern Welding Company, Box 528 
Owensboro, Kentucky. Has 112 miles of § 
through %-in. for Southeast Alabama 
Gas Corporation in cities of Seale, New. 
ville, Abbeville, Headland, and Eufaula, 
Alabama; 55 miles of 6 through %-ip, 
for City of Flora, Illinois; 25 miles of 12 
through %4-in. for Gas Light Company 
of Columbus, Georgia; and 12 miles of § 
through %-in. for Alabama Gas Corpo. 
ration in Gadsden, Alabama. 


@ Oklahoma Pipe Line Constructors, 6612 
Harry Hines Boulevard, Box 13227, Dallas, 
Texas. Has 115 miles of 24-in. between 
Mansfield and Lackawaxen, Pennsylvania, 
for Tennessee Gas Transmission Com- 
pany. N. L. “Cajun” Arie and Guy Craft, 
superintendents at Honesdale and Troy, 
Pennsylvania. 


@ Williams Brothers, National Bank of Tulsa 
Building, Tulsa, Oklahoma. Has 160 miles of 
6-in. for Bolivian government, oil line. Has 
115 miles of 30-in. between Toledo and 
Cleveland, Ohio, for East Ohio Gas Com. 
pany. Has 72 miles of 30-in. in Virginia 
for Transcontinental Gas Pipe Line Cor- 
poration. 


@ Engineers Limited Pipe Line Company, 225 
Bush Street, San Francisco, California. Has 
37 miles of 16 and 20-in. in Washington 
for Trans Mountain Oil Pipe Line 
Company. 





4 5 H . _ « 9 @ H. C. Price Company, Box 1111, Bartles- ee 
pee vow Saoeay San ace gga aw vile Oklahoma, Has 35 miles of 26 
@ R. H. Fulton & Company, Box 1526, Lub- @ Midwestern Constructors, Inc., 402 North nessee Gas Transmission Company. Also 
beck, Texas. Has 55 miles of 30-in. steel Boulder, Tulsa, Oklahoma. Has 14.5 miles has for TGT approximately 18 miles of 
water line for City of Colorado Springs, of 30-in. and 53.5 miles of 36-in. in 24-in. connecting Harrison and Hebron 
Colorado. Has 137 miles of 6-in. for Okan Alabama for Transcontinental Gas Pipe Storage fields and 50 miles of mainline, 
Pipe Line Company (subsidiary of War- — ine Corporation. 24-in. Also has 77 miles of 26-in. in 
ren Petroleum Company, Tulsa) from western Kentucky and Tennessee in six 
Tulsa to Cushing and westward in Okla- @ Western Constructors, Austin Texas. Has main line loops, plus 72 miles of 12-in., 
homa to Enid and Helena. 76.8 miles of 36-in. in Georgia and South 37 miles of 10-in. and 5 miles of 8-in. in 
Carolina for Transcontinental Gas Pipe Indiana, for Texas Gas Transmission 
@ Bannister Construction, Ltd., 409 North- Line Corporation. Corporation. 
ern Hardware Building, Edmonton, Alberta, 
Canada. Has 72,000 ft of 3-in. flowline @ Pipe Line Contracting and Drilling Com- @ Hallmac Construction Company, 2261 
system for Tidewater Associated Oil Com- pany, P. O. Box 165, Lemoyne, Pennsylvania. West Holcombe, Houston, Texas. Has ap- 
pany in Shaunavon, Saskatchewan district. Has 46 miles of 26-in. in three loops in proximately 100 miles of 10-in. for South 
These are surface lines, to be buried when West Virginia and Maryland for Atlantic Georgia Natural Gas Company. 
weather permits. Has 20 miles of 3, 4, and Seaboard Gas Corporation. oie nic ‘tee: teenies Salk 
i j ; i uchanan > 
Colsville-Segtley “field ee @ Engineering-Construction Company, 402 pany, Birmingham, Alabama. Has 80 miles 
underwav. — pg ig Rage oy seg mee alte - 6 - 8-in. for South Georgia Natural 
: les, “In. gas il “ : yas Company. 
_— Alabama Gas District. Two spreads: Gene oe 
@ Crags, Coneda, lid. 298 Kipting Ave. Coulter, superintendent at Eufaula, Ala- @ Cumberland Contracting Company, Monti- 
South, Toronto 18, Ontario. Has two 16-in. bama, and Jim Williams, superintendent, cello, Kentucky. Has approximately 225 
river crossings on Red River south of Headland, Alabama. miles of 2 through 10-in. for Southeast 
Winnipeg for Winnipeg and Central Nat- ’ ditanee Ges Deis 
ural Gas. Also approximately 2 miles of @ Merritt-Chapman & Scott Corporation, 260 ; ; 
12-in. loop line for Consumers Gas Com- Madison Avenue, New York 16, New York. @ Mid States Construction Company, Box 
pany in Toronto. Has 53 miles of 8 to 24-in. between Bom- 417, Mt. Vernon, Illinois. Has 110 miles of 
bay and Butcher Island for Bombay Port 2 through 12-in. for South Georgia Nat- 
@ Missouri Valley Dredging, 22 William Trust, India. Also 16 miles of 16-in. be- ural Gas Company. 
Street, Omaha 8, Nebraska. Has take-off tween refinery and Sydney for Australian 
facilities from Harbor Pipe Line at Tren- Oil Refining. @ Associated Pipe Line Contractors, Box 
ton, New Jersey, for Sinclair Pipe Line; 13216, Houston, Texas. Has 63.5 miles of 
4 miles of 8-in. at Trenton for Gulf Oil, @ Foster-Wheeler Corporation, 165 Broad- 36-in in Louisiana and Mississippi and 
and river crossing at McConnellsville, way, New York 6, New York. Has overall 71 miles of 30-in. in Virginia and Mary- 
Ohio, for Tennessee Gas Transmission, supervision of a 1920-mile NATO pipe land for Transcontinental Gas Pipe Line 
1254 ft of 26-in. line system in Europe. Corporation. 
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In this cirele 


purity is an absolute must 


..so is Nickel— 


and here’s why 


You are looking at a section of Shell Chemical Cor- 
poration’s Deer Park, Texas, plant. 


There, Shell synthesizes glycerine from propylene, 
with allyl chloride as an intermediate. There, too, 
the glycerine is evaporated, purified of salt, steam- 
stripped, distilled and stored. 


All this means corrosion and purity problems. 
Chlorine and propylene are reacted at a temperature 
which greatly accelerates corrosive attack . . . salt is 
present in the crude product ... and there are strict 
limits on the heavy metals content of glycerine. 


Yet Shell successfully combats corrosion to turn 
out a colorless, odorless product that assays better 
than 99% glycerol and meets all the usual specifica- 
tion requirements. 


How does Shell do it? 


With Inconel; in mixing jets for reacting propy- 
lene and chlorine at about 950°F. Inconel combines 
resistance to both heat and corrosion. 

With Nickel-Clad Steel; in evaporators, distilla- 
tion columns, storage tanks . . . wherever glycerine is 


concentrated. Nickel-Clad Steel combines the protec- 
tion of Nickel with the economy of steel. 


With Monel; in continuous centrifugal filter equip- 
ment used to remove sodium chloride by-product. 
Monel gives high corrosion-resistance and high 
strength in a single metal. 


With pure Nickel; in bubble caps and trays; re- 
boiler and condenser tubes, pumps, and piping. 
Nickel keeps metal pick-up at a minimum in hard- 
to-maintain areas. 


The correct application of Nickel and Nickel alloys 
in the production or handling of glycerine can do 
much to lower costs and improve the quality of the 
product. Inco’s Corrosion Engineering Section will 
be glad to work with you in solving specific problems 
connected with purity or corrosion in your own plant. 
Just write: 


THE INTERNATIONAL NICKEL CO., INC. 
67 Wall Street New York 5, N. Y. 


Inco Nickel Alloys 


Monel® ¢ “R”® Monel ¢ “K’’® Monel * “KR”® Mon 


“S”® Monel © Inconel® ¢ Inconel “X”& 
Inconel “W’® ¢ Incoloy® * Nimonic® Alloys 
awe’ Nickel © Low Carbon Nickel * Duranickel® 


To obtain more information on products advertised see Page E-43 E-] 








How To 


E-2 


P 090. 


Systematic method for planning plant 


work simplifies management problems, 


reduces costs, avoids needless delays 


SCHEDULE ENGINEERING 


W. G. Snyder 


To Meet Critical Dates 


| N a very real sense, successful en- 
gineering scheduling—the term engi- 
neering being used to define general 
engineering and related design work— 
is comparable to a well-played chess 
game. It calls for the skillful maneuver- 
ing of total manpower through a se- 
quence of interrelated preliminary ob- 
jectives to an ultimate goal, under 
timing, and with regard for the total 
estimated number of man-hours re- 
quired for, and those actually applied 
to, each objective as well as the relative 
position of each man at any given mo- 
ment and his individual “weight.” 
Engineering scheduling is a problem 
of major importance. Failure to meet 
established critical dates for the com- 
pletion and delivery of specifications 





and drawings covering each of the sev- 
eral phases of a total project can re- 
sult in substantial dollar losses to the 
plant owner. These losses may be ex- 
pressed in such terms as excess rental 
charges for heavy construction equip- 
ment, premium construction labor 
rates, premium costs for the fabrica- 
tion of structural material and proc- 
essing equipment as well as for the 
manufacture of mechanical equipment, 
increased expediting costs and shipping 
charges, and finally loss of revenue 
from the process plant due to late 
start-up. 

To meet this problem, engineering 
departments and engineering concerns 
have contrived various kinds of sched- 
uling devices ranging from the familiar 
tag boards to equipment representing 
an investment well into five figures. 














The Author 


William G, (Bill) Snyder joined James P. O'Donnell, Engineers, 
in 1946 as head of the piping design department and is now 
chief draftsman. A high percentage of the organization's activi- 
ties are concerned with the petroleum and chemical process 
industries, and Snyder's scheduling and general supervision of 
the design departments covers all operations in both the New 
York and Beaumont, Texas. offices. 

Previously Snyder worked for Alco Products, Air-Tro! Engineer- 
ing, and the M. W. Kellogg Company. With the latter firm he was 
a group leader and piping design representative in the field 
with considerable experience on fluid catalytic cracking units 
and their recovery systems. 

Snyder completed his formal education at New York University. 
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FIG. 1. Detail of the Estimated Manpower, Scheduling, and Job 
Progress Section showing two horizontal rows of peg holes 
BS assigned to each phase of a job. Scheduling data are shown for 
Phase 3. Reading shows the phase is 90% complete as of the 
current work week identified by the vertical red strings. Six 
men are shown working on the phase, and that number will be 
required to meet the phase critical date marked by the two red 
pegs posted one above the other. ; : 
FIG. 2. Detail showing how manpower overages 
and shortages are indicated. 
sev- 
| Te- ‘ : : , ’ . , ; : 
the This article describes a relatively in- signed to, and his supervisor. His ab- ie | 
expensive, comparatively simple peg- sence from the job due to vacation or 
ex : ‘ ; ; 
tel type board and its modus operandi. illness is also shown. * ee e@¢ e ee * 
uip- It has proved very effective in giving The data so presented permits keep- 
sbor a comprehensive daily picture of the ing the overall operations in balance. 
em. progress and status of jobs, the alloca- It instantly reveals over or understaff- ee ©0000 ee 
nee. tion and utilization of manpower, and ing, and strong or weak scheduling FIG. 3. Detail of the Applied 
the entire operations against a wide spots. Similarly, it permits us to ef- . 
the -s : ‘ Manpower Section. 
ent. range of critical dates. fectively control and restrain the ag- 
ping The board functions to project gressive job engineers who in every 
dies engineering work across a maximum engineering office call for and other- 
- period of six months on a weekly wise usually get, a disproportionate zation, from the standard board manu- 
basis, showing at all times the essen- number of men assigned to them. factured by Wassell Organization, Inc 
ring tial scheduling facts on as many as 20 Against shown progress data, it en- For the purpose of description, the 
a jobs. It shows the total estimated num- ables us to estimate the availabiltiy board has four sections: 
- d- ber of man-hours required to complete of manpower for reassignment. (1) A personnel section, 
‘iar each job, the number of men required It is not unusual for the plant owner (2) A vertical job record card file 
ting to complete the drawings for each of to call for job progress reports, and section, 
ie its phases, e.g., civil, mechanical, elec- in proportion to the scope of the in- (3) An estimated manpower, sched 
7 trical, and instrumentation, the num- formation, the size of the job, and the uling, and job progress section, and 
ber of man-hours actually used as of detail requested, considerable time is (4) An applied manpower sectian 
— the current week, and the percentage required to prepare these. Recently, . 
of completion of each phase to alert the assistant chief engineer of a prom- The Personnel Section 
us to our position in respect to all inent oil company called for such a The Personnel section extends across 
: critical dates shown on the board. report concerning a major process unit. the top of the board. It functions to 
: Against the background of this vis- By referring to the board we were able list the names of all technical person 
, ual information, the board enables us to assemble information in a matter of _ nel, and to provide a cross-reference to 
. to control the deployment and utiliza- minutes that otherwise would have re- the applied manpower section where 
tion of a technical staff of 141 men in quired several days to obtain. small blue and red pegs are used t 
the New York and Beaumont offices, The board will be recognized as an identify each man, the job and the 
as well as men in the field, over the jobs adaptation of the peg-type widely used phase of it to which he is assigned, and 
in progress. Each of these men is iden- by manufacturers to schedule produc- his “weight” or classification. This 
tified on the board as to his office or tion through their shops. Its adapta- cross-reference is accomplished by as 
field location, his classification or tion to our use was made by James P. signing a number to each man Co! 
oa “weight,” the job he currently is as- O’Donnell, P.E., head of our organi- responding to a number imprinted on 
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Engineering Scheduling Board showing Personnel Listing Sec- sO 
tion at top, Vertical Job Record Card File Section at left, Esti- 

; a ; mated Manpower, Scheduling and Job Progress Section in cen- ho 
the head of the peg identifying him. ter, Applied Manpower Section at right. Broad vertical strips co 
The listings also show whether the man beneath date strip are removable plastic strip cards. Round, stl 
- located m New York or Beaumont, numbered pegs used show per cent of phase completion are ce 
or in the field and, if so, where. attached to retractable strings. Pegs posted at extreme right he 

5 . show engineering of that phase is complete. These strings pro- pI 
Vertical Job Record Card File vide easy reference to other phases of the job. he 
[he vertical job record card file sec- jo 
tion, at the left of board, contains th 
holders for 100 job record cards. The e) 
purpose of this section is to provide a (1) General engineering—including phic and conventional panel boards. cr 
continuous, detailed, written record of supervisory engineering, engineering Since each phase will have its own by 

each job, in each of its separate phases, calculations, equipment analysis and critical dates, a separate record card is 
from start to finish. It also provides a selection, and specifications; assigned to it; thus, each job has five O1 
cross-reference to the round, white, (2) Civil— including foundation, such cards in this section. Certain jobs, er 
numbered pegs used in the estimated structural, and architectural design, of course, may have a lesser number of h 
manpower, scheduling, and job prog- and drafting; phases and the board can be easily ad- tk 
ress section to show the progress of (3) Mechanical—including vessel, justed to meet such situations. 0 
each phase of the job, percentage-wise, piping, conveyor, and related design, All facts pertinent to each phase of e 
in relation to its critical dates. and drafting; a job are entered on the proper record 3 
At the start of each job, the total en- (4) Electrical—including power and card. These will include such informa- C 
gineering is broken down into five lighting; tion as the critical dates, changes in C 
phases: (5) Instrumentation—including gra- the scope of the job as requested by I 
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the client and their extent, and nota- 
tions of delays, if any, and the reasons 
for them. At the bottom of each card, 
the overall job number, job title, phase 
title, name of the client, and the name 
of the job engineer is typed for visibility 
through the plastic base of the card 
holder. To establish the cross-reference 
to the estimated manpower, schedul- 
ing, and job progress section, the card 
holders are numbered from 1 to 100. 


Estimated Manpower Section 

Fig. 1 illustrates the estimated man- 
power, scheduling, and job progress 
section which, on the board, is to the 
right of the job record file. The func- 
tions of this section are to visually 
show the critical dates for each phase 
of the job, the estimated number of 
man-hours required to complete it, the 
total number of man-hours actually 
used to date on a current week basis, 
the per cent completion of each phase, 
and the estimated number of men re- 
quired against the number actually 
working on that phase as well as any 
man-power overages or shortages. 

The components of this section in- 
clude a portion of its face drilled to 
accommodate pegs; a date strip cover- 
ing a six month period day-by-day; a 
percentage scale in tenths; removable, 
plastic strip cards positioned over the 
drilled portion to partition it by weeks; 
and vertical strings to mark the current 
work week. 

The information in this section is 
visual and always read in terms of the 
current work week identified by the 
position of the vertical strings. One 
string is positioned to mark the week’s 
start, and the other its close, their 
separation spanning six work days— 
Monday through Saturday. Each string 
is attached, top and bottom, to a peg 
so that it can be repositioned weekly. 

This section is read vertically and 
horizontally. Vertically, the peg holes 
correspond to the dates on the date 
strip, and they also relate to the per- 
centage scale. Horizontally, the peg 
holes relate to the individual job 
phases. For the reason stated later, two 
horizontal rows are assigned to each 
job phase and, except in cases where 
there are fewer than five phases, an 
extra job will occupy ten rows. The 
critical date for each phase is marked 
by a double red peg. 

Small, round, white pegs, numbered 
one to 100, complete the cross-refer- 
ence with the like numbered card file 
holders. These pegs are used to show 
the percentage of phase completion as 
of the current week. Peg No. 33, for 
example, would refer to file card No. 
33—“Job 2211, Civil Engineering, 
Catalytic Reforming Unit, XYZ Oil 
Company, John Jones, Job Engineer.” 
If positioned under “60,” this peg 
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would indicate that civil engineering 
on that job is 60 per cent complete. 

The removable, plastic strip cards 
are positioned by weeks across the en- 
tire section. These are used to show the 
estimated number of men required for 
the extent of each phase of the job vs 
the number actually engaged on it for 
the current week. 

A figure representing the estimated 
manpower requirement for the extent 
of a phase is pencilled in on the face of 
the strip card. Assuming that the esti- 
mated manpower requirement for the 
duration of a phase is six men, the 
figure “6” would be written on the strip 
card. If no pegs are posted in the holes 


to the right of this figure, the reading is 
that the six men estimated as required 
are engaged on that phase. 


Manpower Overages and 
Shortages Shown 
Fig. 2 shows that three holes pe 
row appear between each strip card 
As previously mentioned, two hori 
zontal rows of holes are assigned t 
each phase. In adapting the board, this 
was done to make six holes available 
so that any manpower overages 0! 
shortages that might occur during the 
run of a phase can be shown. 
Each of the six holes represents 
one man over, or under, the estimated 


'ROUND and ROUND 
4 THOMPSON Gves... 
...SPINNING OUT 


SHALE AND 
ABRASIVES! 


You Risk No 
Chances with a 


THOMPSON 


Separator 





There’s no element of chance when you have a THOMPSON Rotating 
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number of men required as marked on 
the strip card. Manpower overages are 
indicated in these holes by blue pegs; 
shortages by red pegs. Thus, if the 
number pencilled on the strip card is 
“4”, and a blue peg is posted in the 
second hole, top phase row, six men— 
an overage of two—are shown engaged 
on that phase. Conversely, a red peg 
posted in that hole signals that only 
2 men—a shortage of two—are work- 
ing on it. Circumstances will arise to 
produce manpower overages and 
shortages, and these signals enable 
manpower to be effectively concen- 
trated where it is most needed at a 
particular time. 


It is important that an engineering 
firm be able to estimate the availability 
of manpower for reassignment to 
future jobs. The strip cards permit 
making such estimates quickly and 
accurately by vertically totaling all 
scheduled manpower as shown on the 
strip cards, and subtracting that num- 
ber from the total manpower. 

Outside of the scheduling portion of 
this section, under the general head- 
ing “Hours”, and in line with the row 
of holes related to a job phase, two 
rectangular white pegs are positioned 
side by side. The estimated number of 
man-hours required to complete that 
phase are marked on the head of the 
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right-hand peg while the total number 
of man-hours actually used up to the 
current week are pencilled on the head 
of the left-hand peg. A simple ratio of 
these figures shows the percentage of 
hours used. This can be readily com. 
pared with the percentage of phase 
completion as shown by the position of 
the phase pegs relative to the zero to 
100 per cent completion scale. The 
condition of a phase—‘healthy” o; 
“sick”—is immediately made evident. 

Revisions in estimated man-hours, 
due to changes in the scope of the job, 
are immediately made on the respec- 
tive pegs, and these are marked with 
an asterisk to provide a cross-reference 
to the detailed information noted on 
the job record cards. 


The Applied Manpower Section 

For payroll purposes, our technical 
staff is divided into six classifications: 
(1) Engineers, (2) section heads, (3) 
group leaders, (4) designers, (5) senior 
draftsmen, and (6) draftsmen. For 
scheduling purposes, these are reduced 
to two classifications—‘“heavy” and 
“light’—so termed for convenience 
and because the men in classifications 
| to 4 usually direct those in 5 and 6. 

The information in the applied man- 
power section (Fig. 3) is read hori- 
zontally from the rows of peg-holes 
which extend across it from the esti- 
mated manpower and scheduling sec- 
tion. Each man on the technical staff is 
represented in the applied manpower 
section and identified by a numbered 
blue or red peg. Blue pegs are used to 
indicate “heavy” personnel, red pegs to 
identify “light” personnel, and _ the 
number on the head of each peg refers 
to the number opposite that man’s 
name in the personnel section. 

As each man is assigned to a phase 
of a job, his peg is posted in the row 
related to it. When a man is On vaca- 
tion, ill, or otherwise absent for a 
period of time, his peg is removed 
from the phase row and placed at the 
bottom of the board next to a rectangu- 
lar white peg headed “Vacations.” 

A glance at this section shows the 
distribution of total manpower, its dis- 
tribution per job and per phase, and 
the allocation of “heavy” and “light” 
personnel to enable us to keep our op- 
eration in balance in all of its aspects. 

Normally, we set the board for a 
six-month period. About midway 
through it, the board is re-set so that, 
at all times, at least three months of 
future work is shown. The removable 
strip cards make the re-setting process 
comparatively simple since the last 
three months of scheduled work, al- 
ready shown on the strip cards, moves 
over and automatically becomes the 
first three months of work on the re- 
set board. xt 
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Extension well EB-10 at Chutauchi 
South Culmination field showing rug- 
ged terrain of this mountain-top field 


Exploration Intensified 


in Taiwan, Formosa 


H IGHLIGHT of operations by the 
government-owned Chinese Petroleum 
Corporation in 1954 was the discovery 
of commercial production of high 
grade crude oil and gas by the wildcat 
well Chutauchi EB-8 on January 18, 
1954, at the small south culmination of 
the large Chutauchi structure in the 
foothills of southern Taiwan. 

Although small quantities of crude 
have been produced both at Chinsui 
gas field and from the south plunge of 
the Chutauchi structure, this discovery 
can be regarded as the second commer- 
cial productive oil field to be found in 
Taiwan, half a century after exploita- 
tion began at the old Chuhuangkeng 
(Shukkoko) field in 1904. 

Subsequent extension drilling has 

*United Nations Expert in Petroleum Geol- 
ogy to the Government of China (Opinions ex- 


pressei do not necessarily reflect those of the 
United Nations). 


E-8 


Leo W. Stach* 


shown that the productive area of the 
Chutauchi South Culmination field will 
be quite small, but the two more pro- 
ductive zones below that found by the 
discovery well were tested and proved 
during 1954. Production of 14,828 bbl 
of crude from the discovery well, and 
from one extension well completed in 
August, accounted for 42 per cent of 
Taiwan’s total production of 35,082 
bbl in 1954, which was nearly double 
that of the average of postwar years 
and is the highest annual production 
achieved since 1940. 

This discovery, together with other 
small successes of Chuhuangkeng 
where an extension well and a deep- 
ening both found some small produc- 
tion of crude—and at Chinsui (Kinsui) 
—where one of two extension wells 





found production of 210,000 cu ft of 
gas daily—added further impetus to ex- 
ploration activities which were revived 
with the encouragement of the U. S. 
Foreign Operations Administration in 
1952. 

To assist in financing the develop- 
ment of the new field at Chutauchi a 
loan for purchase of equipment was 
granted to Chinese Petroleum by FOA 
and technical assistance was also pro- 
vided. At the request of the Chinese 
Government the United Nations Tech- 
nical Assistance Administration fur- 
nished the services of a petroleum geol- 
ogist from May, 1954, to advise and 
assist with the exploration and develop- 
ment program, and a micropaleontol- 
ogist arrived in November to introduce 
systematic biostratigraphic research 
and train local staff. 

Interest was also revived in the po- 
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‘tentialities of the western coastal plain 
‘where activity declined in 1949 after 





now flowing from zone 5 






abandoning two wildcats drilled on 
conspicuous anomalies indicated by re- 
gional and detailed gravity surveys of 
the entire western coastal plain con- 
ducted by Chinese Petroleum in 1946- 
47, Structure drilling began early in 
1954 in the plain near Chiayi (Kagi) 
and seismic survey equipment ordered 
early in the year arrived in October. 

A contract was made in December 
for the services of a seismic crew from 
the Teikoku Oil Company of Tokyo, 
Japan, and shooting for the first seismic 
survey ever to be undertaken in Taiwan 
started early in January. The purpose 
was to detail a structure proved to exist 
by one of the wildcats drilled on gravity 
data. Later reconnaissance profiles will 
be run in other areas where structures 
are suspected to exist beneath the super- 
ficial deposits of the western coastal 
plain. 

During 1954 the results of new geo- 
logical surveys made in the western 
foothills zone since 1952 were eval- 
uated and test well locations were se- 
lected for several promising prospects, 
at least four of which are planned to be 
drilled during 1955. The first of the 
series, to test the potentialities of the 
lowest part of the Miocene section in 
the Shantzechiao structure a few miles 
southwest of Taipei, began drilling late 
in December. A rig is also now being 
moved to a site to test for production 
on the culmination of the underthrust 
west flank of the Chutauchi structure, 
from the same zones found productive 
in the south culmination. 

Additional detailed geological sur- 


Discovery well of Chutauchi South Culmina- 
tion field, formerly pumping from zone 3, 
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Chinese crew operating new Failing shothole 
rig during seismic survey for Chinese Petro- 


leum Corporation in cane fields of Formosa 


veys will be undertaken during 1955 
particularly in southern Taiwan where 
attention will be concentrated on the 
central and northern regions of the 
iarge Chutauchi structure, which is 
more than 30 kilometers long, to locate 
the exact position of large culminations 
already shown to exist in the eastern 
overthrust block of this axially faulted 
structure. The south culmination, tested 
first because of its relative ease of 
access, is a minor structural high on the 
south plunge with a closure of only 
about 250 meters northward, beyond 
which the structure rises perhaps an- 
other 1000 meters before closing to the 
north. Producing zones of the south 
culmination are exposed in the central 
part of the structure so that potential 
targets will be in Miocene rocks, which 
are not known to outcrop in this gen- 
eral area. 

The culmination in the central part 
of the structure lies in even more rug- 
ged terrain than that of the south cul- 
mination, among sharp ridges rising 
abruptly about 2000 ft above the valley 
floor and several kilometers from the 
nearest motor road, so that cable haul- 
age on inclined rail tracks will be 
needed to gain access for drilling. This 
is also the case at the south culmina- 
tion field where the main incline to the 
ridge crest rises more than 1000 ft over 
an average 40 deg slope, and 8 more 
smaller inclines along the ridge crest 
are required to reach the present wells. 

Following up on reconnaissance sur- 
veys made in 1954 of the large Sanchi- 
enshan structure, which lies across the 
syncline to the west of Chutauchi and 
is very similar to it in both size and 





structure, detailed surveys will be made 
in 1955 on selected areas. Detailed su: 

veys are now also in progress on the 
Pakuali structure which lies to the 
north and east en echelon to the Chu 

huangkeng faulted anticline, on which 
the old field is situated, to enable selec 

tion of a location for a test well, which 
should begin drilling in the latter part 
of 1955. Reconnaissance surveys in 
1954, aided by photogeological inte: 

pretation, indicate a very similar struc 

ture to that of Chuhuangkeng and 
since Pakuali is exposed to about the 
same stratigraphic level as Chuhuang 

keng, production may be found in the 
same zones as that field. 

With the additional production that 
should be obtained from further devel 
opment of the Chutauchi South Cul 
mination field during 1955 a new post 
war record for crude production can 
be expected, without taking into con 
sideration additional production that 
may be obtained from the wildcat pro 
gram already underway for 1955. Pro 
duction of natural gas, which has long 
been more important economically 
than the crude production in Taiwan 
showed a decline in 1954 to 1,025,968 
Mcf which was only 94 per cent of the 
1953 production, in spite of 61,725 
Mcf contributed by new wells com 
pleted in 1954. 

The significant, though small, dis 
covery at the Chutauchi south culmina 
tion, considering its geological setting 
has greatly enhanced the prospects of 
finding considerably larger deposits and 
has stimulated exploration in Taiwan 
on a broader basis and at a larger scale 
than at any time since the war.* * * 
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Phillips new multi-million dollar chemical research laboratory 
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ERISCOPE on the Future 


Its the fastest growing part of the 
petroleum industry. It’s the big wheel 
that hurries progress. 

It’s a small word but the largest fac- 
tor in growth and prosperity! 

It’s research! 

In the three years, 1952-54, the 
funds devoted to petroleum research 
doubled and this year expenditures will 
go even higher. Cost of research in 
1954 ran to some $211,000,000, more 
than twice what was estimated by the 
API in 1952. This amount covered 
only salaries, supplies, and mainte- 
nance. It does not include capital in- 
vestment in research plants — new 
buildings are going up in numbers and 
present laboratories are being expand- 
ed. There is a growing demand also 
for scientific equipment; electronic 
computers, and mass spectrometers, 
which cast light through layers of data, 
are objectives of researchers’ shopping. 

Scientists and engineers and _ tech- 
nicians are being sought—schools are 
beginning to give specialized training 
for research work. Discussions and 
seminars are held to promote creative 
thinking and creative ability. 

New research divisions are being 
organized in companies which have 
had none before; in some, subsidiaries 
are established for the sole purpose of 
investigating and developing company 
projects and products. 

University research is being sup- 
ported by the industry and research 
service centers are being retained by 
companies individually and in groups 
to handle specific projects. 

All these movements indicate the 
respect research holds in the petroleum 
industry today and the acceptance of 
its vital need by industry. 


*Management Editor. 
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Ernestine Adams* 


Utilization of research findings was 
widespread in oil industry from early 
days. It took considerable investiga- 
tion to develop a kerosine that burned 
readily and cleanly yet did not explode. 

But never has the value of research 
been so significant as in the last few 
years, and this increasing importance 
is felt in both its phases—research into 
industry operations and investigation 
of new and improved products for the 
market. 

Studies of more efficient operations 
have provided the industry with better 
equipment and better methods in ex- 
ploration, drilling, producing, proces- 
sing, transporting, storage, and mar- 
keting. In some more detailed accounts 
that follow are specific improvements, 
which mean greater oil and gas sup- 
plies more efficiently handled and con- 
sequent lower costs that benefit the 
consumer. 

This type of, research goes on con- 
stantly in individual concerns and in 
organizations of petroleum companies; 
often with the aid of equipment and 
service companies. The industry would 
have slowed and faltered long ago 
without the guiding hand of research. 
The multiplied oil recovery from old 
fields, fracturing methods, up-grading 
of refinery products, a new petrochemi- 
cal industry—all these and many more 
vital operations have come through 
research. 

Researching for new products means 
that developments in other fields must 
be watched and followed. High grade 
gasolines must be ready for new car 
engines, tougher lubricants are needed 
for jet speed. 

By-products of Operations must be 
investigated and put to use. The sulfur 
extracted from sour gas is a worthwhile 





product made from what was once 
waste. A refinery by-product gas, which 
contains 50 to 90 per cent hydrogen, 
has been converted to a product useful 
in manufacture of ammonia. 

Research has brought many new 
wonderful things to the market—deter- 
gents, nitrogen fertilizers, wax for coat- 
ing paper, asphalt for roofs, and a 
hundred other products that make life 
easier and more pleasant for the con- 
sumer. 

All refiners put their prime research 
work on two items—gasoline and lub- 
ricants. The past year has seen nearly 
every company put higher grade gaso- 
line and an extended line of improved 
lubricants on the market. These have 
not been mentioned in the individual 
company reports because the stories 
are similar although each one of the 
products has distinguishing character- 
istics. 

The money spent for research is only 
the beginning, of course. It is due pri- 
marily to research that capital expendi- 
tures run so high in the petroleum in- 
dustry. New processes mean new plants 
and rapid advancement means rapid 
obsolescense. Competition, becoming 
keener for the consumers’ dollar, has 
inspired the jump in research organiza- 
tion and expenditure. 

Private research means greater com- 
petition, too, for each company en- 
deavors to top the others in quality 
products and to put new items on the 
market. The oil industry spends more 
than any other on research—about 8 
per cent of the $3 billion being spent 
by all industry. 

The petroleum industry’s research 
is not limited to oil and gas. When pro- 
duction of wartime penicillin was ham- 
pered by problems of separation be- 
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cause impurities were getting through 
and quantities were limited, Shell’s 
Research Center at Emeryville within 
four months perfected an extraction 
process which permitted manufacture 
of quantities of the new drug.* 

Research is a concentration of the 
best knowledge and thinking bent on 
improving human welfare. Like many 
good movements, as it goes forward, 
it increases the length of its stride. 

Here is what individual companies 
are doing in research: 


ATLANTIC: Atlantic employs 550 
persons in its Research and Develop- 
ment Division which is housed in the 
new production laboratory at Dallas, 
Texas, and in the main research center 
at Philadelphia. Cost of research runs 
about $5 million a year. 

Some of the results of Atlantic re- 
search now in use are: Odorless sol- 
vent used in manufacture of paints, 
wax for coating paper milk containers, 
special greases and gear lubricants for 
steel mill use, ammonia for agriculture, 
synthetic detergents, asphalt products. 

Catforming, developed by Atlantic, 
is licensed to other refiners. 

Use of gas injected at very high pres- 
sure to increase recovery of petroleum 
from underground reservoirs was dis- 
covered by Atlantic engineers and is in 
use in West Texas. 

The company has developed and 
applied electronic computers, mass 
spectrometers, and other modern tools 
and methods of modern science. 


CARTER: Research Laboratory at 
Tulsa, Oklahoma, was expanded in 
1954. The main laboratory was made a 
third larger; a new drilling research 
building and a warehouse were con- 
structed. 

Studies are devoted to new drilling 
methods and equipment; coring tech- 
niques; better ways of using well test 
data; use of magnetic tape to obtain 
and analyze seismic field data; migra- 
tion of oil, etc. 


CITIES SERVICE: Research and De- 
velopment has brought several long- 
term development projects to a success- 
ful conclusion. A railroad diesel oil was 
placed on the market, as were new and 
improved automatic transmission and 
converter fluids. 

Automotive and industrial greases 
were expanded by development of a 
multi-purpose lithium grease. Indus- 
trial lubricants were strengthened by 
new gas compressor oils, quenching oils 
and steel mill roll neck oils. A new line 
of rust preventive materials for both 
military and industrial purposes was 
put on the market. 

In the field of oil production, investi- 
~ *Shell News, May, 1955. 
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This ‘electronic brain,’’ one of the largest in the country, is installed at Mag- 




















































































nolia's big Field Research Laboratories, Dallas, Texas. O. D. Ferris, research 
physicist, is feeding facts into the instrument. These electronic computers have 
probably done more than any one piece of equipment to further petroleum 
research. Dr. D. H. Clewell, head of the Dallas laboratories, says that every 
problem solved widens the horizon and reveals several other problems. 


gation of processes of primary and 
secondary oil recovery led to develop- 
ments which should increase recovery 
from oil reservoirs. 

To supplement this research pro- 
gram, Cities Service contributes finan- 
cial support in fundamental research 
to universities and research centers 
throughout the United States in diverse 
fields of science and technology. 


COSDEN: Has research laboratory at 
Big Springs, Texas, where investiga- 
tions, specially in petrochemicals, have 
been a prelude to commercial exploi- 
tation. 


DOUGLAS OF CALIFORNIA: Re- 
search by Douglas is mostly in asphalts, 
a field where the company is one of the 
largest independent producers. The 
laboratory at Paramount, California, 
developed air oxidized asphalts, road 
oil emulsions, industrial emulsions, 
asphaltic cutbacks and asphalt com- 
pounds. 

Many products have been developed 
and improved to meet specialized needs 
of highway and airport building pro- 
grams, of automotive and construction 
industries, and for export to many parts 
of the world. Specialities now being 
produced by the company include auto- 
motive undercoater, sound deadener, 
pipe coating, refrigeration insulation, 
battery sealer, electrical cable weather- 
proofing, roofing and weatherproofing 
asphalts and various types of indus- 
trial emulsions. 

New barges to handle asphalt are 
also innovations to meet requirements 
of greater efficiency. Specially con- 
structed barges, an innovation on the 
Pacific Coast, will be used to transport 
bulk cargoes of asphalt. The first barge 


will have a capacity of more than 2500 
tons and will be equipped with facilities 
for heating asphalt to liquid form to 
facilitate loading and discharge of car- 
go by pumps. 


GULF: Construction of a new Auto- 
motive Products Laboratory is under 
way in the Research Center at Harmar- 
ville, Pennsylvania. At Gulf more than 
1200 scientists, engineers, and others 
are engaged in research. 

Important improvements have been 
made in seismograph equipment used 
in surveying the underground struc- 
ture, and new equipment is being made 
for use by field parties. 

The Research Center participated in 
development of a new drilling mud to 
reduce drilling costs in certain areas. 
Field tests of a new percussion rotary 
drill indicate that this tool will be use- 
ful in drilling hard formations and for 
straightening crooked holes. New in- 
struments were developed for control 
of pipe line operations. A study of 
ocean wave forces is underway to pro- 
vide information essential for the de- 
sign of structures suitable for drilling 
and producing in deep water. 

A hydrogen-treating process was de- 
veloped for improving cracked and 
straight-run furnace oil distillates, and 
units are being designed for two of 
Gulf’s refineries. 

Petrochemical research centered on 
diversification of the Oxo process now 
in commercial operation. Radiation 
studies are developing methods in use 
in both field operations and laboratory 
research. 


HONOLULU OIL: Industrial Research 
Division in this company is devoted to 
development of specialities in oil field 
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pumping equipment and to hard sur- 
faced liners for the rubber and plastic 
industries. A recently developed pro- 
cess for making certain types of cen- 
trifugal castings is opening up a new 
field of activity, and other interesting 
and profitable developments are in 
prospect. 


HUMBLE: Houston, Texas, Research 
Center was dedicated last September. 
It was built and equipped at a cost of 
about $3,800,000. Baytown, Texas, 
Research Center was opened by Hum- 
ble in 1951. 

Among the continuing projects are: 
Exploration instruments, techniques, 
and methods of analysis, particularly 
in geophysics; methods of completing 
wells; refining processes to produce 
aromatics and improve quality of gaso- 
line and lubricating oils; new analytical 
techniques; and new procedures for 
utilizing electronic computers. 

A seismic velocity logger is being 
used to measure the speed of sound in 
individual rock layers penetrated by 
wells. Resulting data make possible a 
more convenient and less expensive 
method of computation in geophysical 
work. 

Better interpretation of electric logs 
of wells has resulted from development 
of reasonable explanations of some of 
the causes of the phenomena measured. 

An improved procedure for deter- 
mining the age of geologic formations, 
based on the measurement of Carbon 
14, is now being used on a routine 
basis. It has a useful range from the 
present back about 35,000 years. 

Past studies of factors affecting rate 
of drilling with drag bits are being ex- 
tended by the use of an electronic com- 
puter to compare the relative merits 
of size of hole and drill pipe in 55 com- 
binations of equipment of interest in 
current drilling operations. Modifica- 
tion of roller cutter bits used in soft 
Gulf Coastal formations resulted in 50 
per cent longer life for the bit and 
slightly faster drilling. 


LION OIL: Within the past year Lion 
has begun construction to enlarge its 
research laboratory space and has add- 
ed new personnel to this division. 

Lion is active in projects dealing 
with acetylene, acrylonitrile research 
and development, vinyl chloride, urea, 
polymer development, ammonia pulp- 
ing and many organic agricultural 
chemicals. Emphasis is placed on pro- 
ducts which can be developed from the 
taw materials, waste and by-products 
available to the company at its present 
operations. 

_Among results of the Research Divi- 
sion is improving Lion’s petroleum and 
chemical products, and the processes 
by which they are manufactured. 
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Vehicle road testing... 
Medical recording... 


Yes, these general-purpose instruments 
have done all four. Combining unusual 
versatility with top precision and econ- 
omy, the 5-116 Recording Oscillograph 
and the 1-118 Carrier Amplifier are a 
compatible team as useful for engineer- 
ing tests in the field as for research- 
laboratory demands. And, as an impor- 





tant extra, operation has been unusually 
simplified, with conveniences normally 
found only on the most expensive in- 
struments. Both units are backed by 
Consolidated Engineering Corpora- 
tion’s nationwide engineering - service 
organization... your assurance ol 
interruption-free test programs. 





5-116 RECORDING 


5-116 RECORDING OSCILLOGRAPH—9 or 
14 data channels with interchange- 
able galvanometers up to 3000 cps... 
5” x 125-ft. records at speeds from 
14” to 100” per second . . . trace iden- 
tification, 1/10 and 1/100-second tim- 
ing lines, easy-load magazine and au- 
tomatic record numbering... rugged, 
withstands most extreme environ- 
mental conditions. SEND FOR BUL- 
LETIN CEC 1521A-X4. 





OSCILLOGRAPH AND 1-118 CARRIER AMPLIFIER 





1-118 3-KC CARRIER AMPLIFIER—ideal 
for strain-gage work from static con- 
ditions to 600 cps... self-contained 
power supply provides 5 volts of car- 
rier excitation . . . 4 separate channels 
with individual adjustments. . . 7 built- 
in calibration steps in convenient 2: ! 
ratio. . . continuous sensitivity control 
... full-scale output of 5 ma for 1.9 
to 64-mv input. SEND FOR BULLE- 
TIN CEC 1522C-X4. 


Either the 5-116 or 1-118 can be used with other recording and amplifying instru- 
ments. A CEC Field Engineer will be glad to discuss your testing requirements 





Consolidated Engineering 


Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT ANC 


300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C 


To obtain more information on products advertised see Page E-43 
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Test tubes at Cosden research laboratory, Big Spring, Texas. 


OHIO OIL: A number of well quali- 
fied scientists were obtained as the 
nucleus of the staff of the Research 
Department which was _ established 
January 1, 1954, by this company. The 
Denver, Colorado, area has been select- 
ed as the location of the laboratory. 
Completion of the laboratory is sched- 
uled for the spring of 1956. 


PHILLIPS: A new multi-million dollar 
Chemical Research Center Laboratory 
will be built west of Bartlesville, Okla- 
homa, at Phillips’ Research Center. 
During the past 10 years Phillips 
research has produced such outstand- 
ing petrochemical developments as oil 
furnace carbon black, improved syn- 
thetic rubber and, most recently, a 
type of polyethylene plastic, trade- 
marked Marlex, to be produced in a 
large new plant just announced for con- 
struction near Houston, Texas. 
Specialized irradiation services of 
the Materials Testing Reactor west of 
Idaho Falls, Idaho, which Phillips 
operates under contract for the Atomic 
Energy Commission, were made avail- 
able in 1954 to private research and 
industry for commercial experiments. 
The company has developed a new 
combination of drilling fluid ingre- 
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dients to increase drilling speed and 
save drilling bits; also well-logging 
procedures, a meter for measuring flow 
of liquids in wells, and new methods 
for seismograph computations. A low- 
density oil well cement was formulated 
for better control of well-cementing. 

Phillips increased use of electronic 
computers to gain more effective utili- 
zation of engineerng and scientific man- 
power and to make substantial dollar 
savings. 


SHELL: A new building for the Radi- 
ation Laboratory at Houston, Texas, 
was constructed in 1954 and a new 
Radiation Laboratory is being built at 
Emeryville, California. The Houston 
building has a multi-million volt Van 
de Graaff particle accelerator. 

Exploration and Production Re- 
search will have a new building soon 
at Houston and the Emeryville Re- 
search Center is being enlarged and 
remodeled to provide 50 per cent in- 
crease in space. 

A second electronic digital compu- 
ter and an analog computer have been 
added to the Numerics Laboratory. 

The Agricultural Research Division, 
with laboratories at Denver, Colorado, 
and Modesto, California, has a basic 





program of synthesizing and studying 
new chemicals for pest control. A 
number of new materials with poten. 
tially useful properties as insecticides, 
fungacides, herbicides and soil fumi- 
gants have been found. 

Among studies at the Houston labo- 
ratory are fundamental investigations 
of the flow of fluids in reservoir rocks 
and of well productivity. 

At Emeryville engine fuel and lubri- 
cant requirement are under investiga- 
tion. One new cracking catalyst was put 
into commercial use last year. 


SINCLAIR: A new platinum catalyst 
has been developed in Sinclair’s Har- 
vey, Illinois, laboratories in association 
with Baker and Company, Inc. Atomic 
energy research was used in developing 
the catalyst. 

Sinclair production research scien- 
tists continued field test of the com- 
pany’s patented underground heatwave 
process for releasing crude oil not re- 
coverable with conventional produc- 
tion methods. Data collected indicated 
that more extensive Operations on a 
semi-commercial scale should be un- 
dertaken to develop the process fur- 
ther. A site for these operations is now 
being selected. Field trials also con- 
tinued on Sinclair-owned lands in 
Colorado to apply underground heat to 
the recovery of shale oil. 

Radioactivity measuring devices are 
being used to analyze core samples 
taken from wells, providing yet an- 
other tool for studying formations. 


SKELLY: A central laboratory is main- 
tained at Pawhuska, Oklahoma, where 
continuous research is conducted to in- 
crease manufacturing efficiency and 
develop products and processes. 


SOCONY MOBIL: Research here de- 
veloped methods by which the com- 
pany’s Thermofor Catalytic Cracking 
(TCC) process can convert substantially 
larger amounts of heavy residual fuel- 
cil components into gasoline and other 
higher grade products. 

Socony scientists are pioneering in 
the application of modern, high-speed 
computing methods to research in pro- 
ducing and refining. They are using 
electronic digital computers in working 
out better ways of increasing recovery 
of crude oil and natural gas from under- 
ground reservoirs in Magnolia’s Field 
Research Laboratories in Dallas and 
in determining more efficient refinery 
operating conditions in the Socony 
Paulsboro, New Jersey, laboratories. 

Socony laboratories have been doing 
important work for several years in 
nuclear physics, especially as applied to 
exploration and production operations. 

In 1954 Socony spent $16 million 
on research alone. 
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SOUTH PENN: Research continues 
to be an item of great importance to 
this company with work progressing 
not only in its own Eastern and West 
Coast laboratories, but also coopera- 
tively in those of others, some through 
research grants. The scope of this re- 
search activity ranges from the tech- 
niques of increasing the ultimate yield 
of crude oil from the presently oper- 
ated producing reservoirs to the devel- 
opment and manufacture of new and 
higher specification products. 


SUN: Ground was broken for a new 
laboratory for research and operational 
services near Dallas. The research pro- 
gram in geology presently being con- 
ducted at several locations in Texas 
and Louisiana will be consolidated and 
broadened at the new center. 

A laboratory for the Research and 
Development Department was com- 
pleted last year at Marcus Hook. Con- 
struction of a similar building at the 
same location has begun. 

A special research unit was estab- 
lished in 1954 to study the application 
of advanced techniques of seismic ex- 
ploration. Apparatus improvements 
doubled Sun’s ability to process mag- 
netically recorded seismic records. 

A new high speed electronic reser- 
voir analyzer was completed and placed 
in operation during the year. 

New motor oil under development 
for four years has been placed on the 
market as well as eight new waxes, four 
new soluble oils and an automatic 
transmission fluid. A process to im- 
prove naphthenic lubricating oil was 
put into operation last October. 

An important activity of Sun’s Re- 
search and Development is conducting 
market and economic studies for new 
plants, products, and other important 
manufacturing changes. 


STANDARD OF CALIFORNIA: The 
research branch at La Habra, in south- 
ern California, has devoted most of 
its time to the study of new techniques 
for finding oil, for drilling and for con- 
servation. 

Research frequently extends into 
unusual fields which may seem remote 
to the oil industry, but which are vital 
to its operations. As an example of 
such unique studies, California Re- 
search men worked with the two sub- 
sidiaries in the Gulf Coast of Louisiana 
and Texas to measure and record the 
forces of ocean waves. The information 
to be derived is expected to prove 
valuable in the design and construction 
of offshore drilling platforms. 

Process research emphasizes devel- 
opment of a number of catalysts used 
in modern refining equipment. Im- 
provements in this field permit the 
selection and design of new plants and 
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more economic operation of existing 
plants. 

In the chemical field a commercial 
process to produce the material iso- 
phthalic has been developed by Stand- 
ard of California. Interest displayed in 
this material by the paint and plastics 
industries appears to assure its success. 


STANDARD INDIANA: This com- 
pany has put a special laboratory into 
operation at Seymour, Indiana, to work 
on solid propellants for rockets and 
guided missiles for the Air Force. 

The Engineering Research Depart- 
ment has developed durable construc- 
tion materials for use in refineries. 
Electronic analogues were used here to 
solve complex design and operational 
problems. Two quality-control instru- 
ments were invented and licensed for 
manufacture. 

Standard Indiana’s Ultraforming 
process for increasing the octane num- 
ber of straight-run gasoline was put 
into operation last year. 

Emphasis here is placed on the study 
of future automobile engines so the 
demands on fuels and lubricants for 
higher compression ratios can be met. 


Stanolind has developed a series of 
inhibitors that give protection against 
pipe and vessel corrosion in oil fields 
and refineries. In 1954 Stanolind’s 
widely licensed Hydrafrac method of 
fracturing underground formations to 
increase oil flow was used on some 
35,000 wells. 


STANDARD JERSEY: First company 
to build an Atomic Energy Oil Labora- 
tory is Standard Oil Development, a 
subsidiary. The radiation laboratory is 
to be constructed in Linden, New Jer- 
sey. The purpose is to improve and 
transform petroleum products through 
use of atomic energy. Many other com- 
panies use radioactivity in research in 
regular laboratories. 


STANDARD OHIO: Sohio’s research 
has grown rapidly in the last three 
years. Studies of combustion technol- 
ogy for longer than that resulted in the 
new gasoline introduced last year. 

A new multi-purpose agricultural 
grease was introduced in 1954. 

Research into product profitability, 
market potential and manufacturing 
process led to Sohio’s entrance into the 
petrochemical field. A $17 million 
plant is being built at Lima, Ohio. 


TEXAS COMPANY: Three new build- 
ings to be completed in the spring of 
1956 are on The Texas Company’s 
program of research expansion. Two of 
these will go up at Texaco’s largest 
research center at Beacon, New York 
and one, an analytical and testing struc- 
ture, at Port Arthur, Texas, refinery. 


Last year Texaco established a sepa. 
rate Research and Technical Depart. 
ment to centralize, coordinate and jp. 
tensify the company’s research actiyj. 
ties. Besides the centers above there js 
a Producing Laboratory at Bellaire, 
Texas. The company spent $14,000,009 
last year on research. 

Some products recently developed 
were an improved automatic transmis. 
sion fluid; a new diesel engine lubrj- 
cating oil for high-power-output rail. 
road Diesels; a new aircraft engine oil: 
specialized fuels and lubricants for jet. 
powered aircraft; and a number of in- 
dustrial lubricants. 

The Texaco Partial Oxidation Pro. 
cess, licensed for making hydrogen for 
use in ammonia production, is oper- 
ating under license in four plants and 
additional licensed plants are being 
completed. 

A method was developed which uses 
radioactive material to determine the 
entry points in underground formations 
of fluids used in flooding to increase the 
effectiveness of secondary recovery 
operations in partially depleted oil 
fields. The first license for the use of 
this process has been granted to a large 
oil field organization. 


UNION OF CALIFORNIA: In De- 
cember, 1954, Union broke ground 
for four new buildings to go up at its 
Research Center at Brea, California. 
These buildings with their equipment 
will cost about one million dollars. 

An oil well corrosion inhibitor has 
been developed which can cut crude 
oil-lifting costs. Results of testing the 
Unitherm electric bottom hole heater 
show that the application of under- 
ground heat in wells of the company’s 
Cut Bank field in Montana produced 
over half a million barrels of oil which, 
without heat stimulation, could not 
have been obtained in the same period. 
Subsurface heating has also produced 
significant increases in production in 
several California fields. 

A newly developed chemical treat- 
ment made possible the recovery of oil 
from refinery slops which heretofore 
had been considered waste. The process 
not only reclaims oil at low cost, but 
it also frees tanks formerly in slop ser- 
vice for other uses. Nearly 50,000 bbl 
of clean oil were recovered last year 
in the company’s Los Angeles refin- 
ery alone. 

The corrosion inhibitor, the Unitherm 
heater and the process to treat oil-water 
emulsions are being offered to the trade. 
During 1954 several Unifining units, 
permitting utilization of high sulfur, 
high nitrogen distillates derived from 
low-quality crude oils, were brought 
on stream by licensees and have been 
successfully operated. A number of ad- 
ditional units are under construction. * 
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First Quarter Reports Show General Upward Trend 


Three out of four oil companies 
that release quarterly reports showed 
an increase in gross income over 1954 
in their first reports for 1955. Only 
two out or three, however, showed a 
net income higher than for the first 
quarter last year. 

This difference in gross and net is 
due to two principal causes: First, 
greater exploratory and drilling ex- 
penditures; and second, larger depreci- 
ation allowances. 

The search for oil is becoming more 
expensive and the cost is holding down 
net gains. New methods have worked 


wonders in operations but even greater 
feats must be accomplished to make 
drilling more economic. Deeper wells 
and offshore operations, seen more 
and more in the future, also contribute 
to cost increase. 

Greater depreciation allowance, on 
the other hand, is good news. For long 
after World War II, petroleum com- 
panies were allowed depreciation that 
made ridiculously small contributions 
toward replacing facilities. Actually 
capital was taxed as income when it 
should have been set aside to replace 
worn equipment and plants. Although 


‘INCOME OF PETROL EUM COMPANIES F FOR FIRST QUARTER, 1955 





Per Per 
Gross cent Net cent 
income of income of 
Company ($1000) 1954 ($1000) 1954 
merada.......... 26,897 123 6,400 138 
A Anderson-Prichard. 13,573 99 611 89 
Argo Oil.. “ 2,854 115 1,169 101 
Ashland. . <3 . 60,897 98 2,095 103 
Atlantic 143,405 109 9,821 89 
Aztex Oil®....... 501 117 137 — 
Barber Oil......... —_— - 14, = 4961° 
Bishop Oil......... 468 105 162 
Chicago Corp... ... —_ — 15, 523° - 
Cities a easel 188,926 107 14,074 107 
Continental. . . 129,910 104 12,142 105 
Cosden Pet... . 12,486 110 837 110 
OS eee . _ — 75,900 123 
Deep Rock. ...... 9,234 84 1,3098 8348 
Douglas Oil...... 5,786 99 118 85 
Gulf Oil Corp... ... - “= 45,320 114 
Hancock Oil..... 10,699 108 1,229 66 
Honolulu Oil 8,655 115 3, 202 123 


Humble Oil 
Houston Oil 


985,577 96 8 
9,658 114 2'072 117 


Lion Oil... 30,499 116 5,247 151 
La. Land & Expl.. 6,200 106 3,375 113 
Maracaibo Oil. . 483 101 104 86 
Midwest Oil. .... 3,364 106 1,596 108 
Ohio Oil... . . 65,790 101 10,379 102 
Pacific Western. . . — = 1,234 55 
Panhandle Oil..... 3,134 93 211 7 


. 212,256 107 


Phillips Pet....... 
26 , 609 123 2,204 115 


Plymouth Oil. 





Per Per 
Gross cent Net cent 
income of income of 


Company ($1000) 1954 ($1000) 1954 


Pure Oil...... 120,800 129 9, 4294 133 
Quaker State. . . 12,930 112 825 100 
Richfield Oil... . 49 464 120 7,141 108 
Seaboard Oil 10,617 110 1,689 116 
Shamrock Oi] 9,896 114 2,020 112 
Shell Oi! . . 354,000 107 46,285 86 
Signal Oil eae 129 2,643 83 
Sinclair Oil. . 281,791 107 21,208 107 
Skelly Oil... ... . 55,980 107 7,698 107 
Socony Mobil - - 7,000 102 
Southern Prod.. 4,272 76 1,230 85 
Standard Calif. 289, 186 107 53,131 102 
Standard (Indiana). 445.700 125 34,951 126 
Standard (Jersey)... 1,526,00€ 112 177,000 120 
Standard (Ohio) 81,000 108 6.080! 136 
Sunray Mid-Con5.. 78,109 8,351 -- 
Superior Oil® 24.515 99 3,614? 57 
Texas Co. 428 395 110 56,021 110 
Texas Gulf Prod.. 4,080 125 1,855 127 
Texas PacificC.& 0. 5,985 109 2,023 98 
Tide Water Assoc... 121,026 102 8,083 91 


Toklan Oil...... 335 113 67 92 


Union Oil of Calif... 81,799 92 7,107 84 
Union Oil & 

Gas of La. 5,483 115 353 105 
Universal C onsol . 1,354 101 502 122 
Warren Pet. 24,553 89 2,425 113 
Wilcox Oil...... 1,971 107 471 178 
Woodley Pet.... 899 121 94 482 





1 Includes $879,000 property sale. 
2 Reduction due to abandonments amounting to in- 
crease of $101,348 in cost of dry holes. 

’ Former subsidiary of Southern Union Gas Company. 

‘ Includes $999,000 pipe line property sale. 

\ First quarter combined results prior to May 16 merger. 

® Six months ending February 28. 

7 Decrease due to increase of $2,199,000 in intangible 


CAPITAL EXPENDITURES 


EXCLUDING EXPENDITURES BY UTILITY COMPANIES SOLD 


CUMULATIVE, IN MILLIONS OF DOLLARS 
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In its annual report Cities Service Company shows in two graphs 
how owners of common stock benefit from capital expenditures. 








development expenditures resulting from more intensive 
drilling program. 

8 Increase due mostly to result of sale to Kerr-McGee 
and sale of General American stock, which is non- 
recurring. 

® Because of extreme changes, net income is not comp- 

arable to 1954. 
10 Net includes $14,160,571 from liquidation of American 
Republics Corp. 


DOLLARS PER SHARE 


Financial 


this increased depreciation allowance 
comes off income, the amounts are 
held by the companies for capital ex- 
penditures and the investment will 
show up in stockholders’ equity. 


Oil Demand Up 71/2 Per Cent 
Oil demand in the first quarter of 
1955 was up 7% per cent over 1954 
according to the Bureau of Mines 
report. Demand averaged 9,250,000 
bbl a day of which domestic demand 
was 8,890,000 bbl a day, up 7.7 per: 
cent and exports were 340,000 bbl 
day, up 2.5 per cent. Largest increase 
was in February when domestic de 
mand was 13.5 per cent higher and 
export demand 2.7 per cent higher. 
Colder weather resulted in the large 
increase for heating oil. The increased 
demand was unexpectedly high as the 
Bureau estimate was a 6.3 per cent rise 


Creole Expansion 

Creole Petroleum Corporation has 
another expansion program under way 
in Venezuela. About $120 million is 
estimated cost of capital expenditures, 
or $10 million more than in 1954. 


Royal Dutch Shell Plant 
Gross income in 1954 rose 9 per cent 
over 1953 for the Royal Dutch Shell 
group. Operating income was $5,180, 
000,000 in 1954 and net income $375, 
200.000, 3 per cent over 1953. 
Capital expenditures totaled $632 
800,000 last year and are expected to 
be more in 1955. 
Socony Capital Expenditures 


For 1954 Socony Mobil (Socony- 
Vacuum) capital expenditures 
$265 million and estimates for 
are the same. The figure listed in the 
table on Page A-64, May issue for 
1954, was in error. 


were 
1955 


GROWTH OF COMMON STOCKHOLDERS’ EQUITY 
CONSOLIDATED BOOK VALUES BY YEARS AT DECEMBER 31 
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1948 1949 1950 1951 1952 1953 1954 


The data are for Cities Service only but they represent a trend 
that is felt throughout the petroleum industry. 
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If your problem is the poor performance 
or high maintenance cost of your heat transfer 

units, consult an EFCO engineer. He will help you decide 
the changes or modifications necessary 

to get the desired performance from your 


heat transfer equipment. 
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JACKET WATER COOLERS 


Backed by knowledge and experience, 





EFCO engineers are constantly working to produce 
heat transfer units that will give efficient 


performance and long, trouble-free operation. 


ENGINEERS & FaBrRIcaTorS, INC. 
P. O. Box 7395 Houston 8, Texas 
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THE OASIS 


a spot for 
gathering Nomads 





International guests at the April 13 regular monthly meeting of the Los Angeles Chapter 


of Nomads. Standing, 


Nomads Meeting Dates 
and Secretaries 


Petroleum. 

New York, Chapter, First Monday of the Month, Biltmore 
Hotel, New York. Secretary, Maurice F. Delano, Jr., R. S. 
Stokvis & Sons, Inc., 17 Battery Place, New York 4, N. Y. 

Houston Chapter, Second Monday of the Month, Ye Olde 
College Inn, Houston, Texas. Secretary, H. Ben Young, 
Mission Manufacturing Company, P. O. Box 4209, Hous- 
ton, Texas 

Los Angeles Chapter, Second Wednesday of the Month, Jon- 
athan Club, Los Angeles, California. Secretary, Earle R. 








Nomads at API 


The Nomads annual luncheon to 
be held during the API convention 
in San Francisco will be on Monday, 
November 14, at the Sheraton- 
Palace Hotel. 


Reservations should be made as 
soon as possible. Write Earle R. 
Atkins, Emsco Manufacturing, P. O. 
Box 2098, Los Angeles 54, Cali- 
fornia. 





tor, Houston. 








C. R. Devine of D & E, Iran; D. S. Pitkeathly and Pat Docksey 


both of British Petroleum, England; G. W. Drenthen of Shell, Holland; D. H. Nations 
of Aramco, Saudi Arabia; C. A. Stoddard. Sitting, Jim Worsdall, Venezuela; C. C. Smart 
of D & E, Brazil; W. J. Chancellor of D & E, Iran; George Burke of Dunlap & Graham 
Uruguay; H. M. Heath of Colombian Petroleum, Colombia; J. A. Wirtensohn of Asiatic 


Atkins, Emsco Manufacturing Company, P. O. Box 2098 
Los Angeles 54, California 

Tulsa Chapter, Third- Friday, “After Five,’ Room, Hote! 
Tulsa. Secretary, O. B. Irizarry, Petroleo Interamerican: 
211 South Cheyene, Tulsa, Oklahoma 

Dallas-Fort Worth Chapter, Dallas, Texas. First or Second 
Monday of the Month. Secretary, H. A. Davis, H. A 
Davis Power Equipment Company, 2142 Irving Boulevard 
Dallas, Texas 


Houston Nomads at their April meeting had the interna 
tional visitors shown. J. H. Wilhelm of Socony Vacuum 
Caracas, Venezuela; C. H. Jones of Sociedad Anonimo 
Petroleos, Las Mercedes; D. D. Dawson of Societa Petrozud 
P. E. Peazasa, Sollotto Pescori, Italy; W. C. Summy of 
Sinclair, Houston, Texas; Rex Hammaker, student; R. J 
Young of Shell, Houston. 

The club’s annual bayshore party will be held at the 
Houston Yacht Club Friday, June 10, for Nomads and thei: 
wives. The fun begins at 6 p.m. with dinner, dancing, and 
games planned for the evening. The party will take the 
place of the regular June meeting. 





Visitors in May at the Houston Nomads were: Front row, John J. Foster of 
R. J. S. Germain, Houston; W. T. Short of Brazos Oil & Gas, Houston; J. G 
Youngblood of Texas Petroleum, Bogota, Colombia; J. A. Wirtensohn of Asiatic 
Petroleum, Houston; E. F. Hulsman of Shell of Colombia, Bogota. Back row 
M. L. Delano, export representative, New York; Del Redding of Phillips, Hous 
ton; R.:L. Foster of Socony-Mobil, New York; R. E. (Bob) Smith, oil opera 





Guest speaker at the April 13 meeting of the Los Anveles Chapter 
of Nomads was Thomas Gearty, special agent of the FBI and assist- 
ant special agent in charge of the Los Angeles office. He is here 
Shown with Joe Schlarb, chapter president, on his left and Bob 
Gaylord, sergeant-at-arms, and Rex Collins, deputy sergeant-at- 
arms, to his right. 
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New York visitors. Visitors at the New York Chapter of Nomads 
meeting held in March included Guy Henley, Standard-Mobi! 
Oil Company, Sumatra; Edward J. Coenen, Standard-Vacuun 
Oil Company, Sumatra; Robert C. Kelley, Dresser Industries 
Inc., Dallas, Texas; Lawrence L. Rector, Rector Well Equipmen 
Company, Fort Worth, Texas. 


E-21 








The Oasis 
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Johnny O’Connor 


Gives Fish Fry 





Front row, left to right—Courtney Berlin, Baker Oil Tools; 
Joe B. Woods, The Petroleum Engineer; L. L. Rector, Rec- 
tor Well Equipment; Johnny O’Connor, Dresser Industries; 
Abbott Sparks, The Petroleum Engineer. Standing—Cliff 
Athey, Maxwell Steel; Ray Gorman, Web Wilson; Rollo 
Davidson, Bob Farson, both of Drilling Magazine; Gene 
Shiels, Ideco; Glen Tableman, W-K-M Manufacturing; Art 
Holloway, Lee C. Moore; Lewis Foster, Foster Cathead; 
George W. “‘Jack’’ Walton, Ideco; King Boyd, Stewart 
and Stevenson. 


J. B. “Johnny” O’Connor, popular executive vice president 
of Dresses Industries, Inc., recently was host at a fish fry to 
members of the Dallas-Fort Worth Chapter of Nomads. The 
affair, held at his picturesque Haderway Farm near Dallas, 
was pronounced a success from every point of view by the 
photographs 


several hundred guests. The accompanying 


picture a part of those present. 


Ma T. 1. Moody, Dresser Industries; A. M. Birnie, Secu- 


rity Engineering; H. R. Colter, Continental Oil; O. Ham- 
mer, Security Engineering; Lee Martin, Weatherford Oil 


Tool. 


E. F. Shiels, Ideco; Fred Bradley, 
Southern Union Gas; John Guynes, 
Magnolia Petroleum; Dayt Clewell, 7 
Magnolia. 
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C. C. Book, Republic Natural Gas. 
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Mm John Neale, Lane-Wells; R. M. Chan, Magnolia; John 
Lynch, LaGloria Corporation; G. Scott Hammonds. 



















MM Gilbert Rowe, Rowan Drilling; C 
Berlin, Baker Oil Tools; C. L. Rowan 
Rowan Drilling; Jim Hughes, Lane-Wells 


ols; 
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Cliff 
‘ollo 
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Art G. Scott Hammonds; Wilbur Shermar 
ead; DeGolyer & MacNaughton; H. B. Hurley 
wart Republic Natural Gas; Chet Wimberly 
Halliburton. 
lent 
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John Evans, Stanolind; Bob Larboulette, 
Societe Cherifienne des Petroles (French 
Morocco); G. W. Walton, Ideco. 
Blondie Roberts, Reed Roller Bit; H. R. 
(Tex) Colter, Continental Oil; Chester 
Wimberly, Halliburton; Glen Tableman, 
W-K-M Manufacturing; Joe Kelly, Reed 
Roller Bit; Bill Behrehost, Ft. Worth Pipe 
& Supply; ‘““Pop’’ Waldrop, Oil Base 
Rubber. Ww 
as. 
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12 Solutions to Your 


Pumping Problems 


Insist on INTERNATIONAL as original equipment on your pumps; 
they’re tops for power as replacements, too! 


A 
. . — 






pa eRe TH 


HERE ARE SOME of the many outstanding features of 
this INTERNATIONAL U-1091 natural gas engine: seven- 
bearing counterbalanced crankshaft, torsional vibra- 
tion damper, aluminum-alloy pistons, tin-plated for 
scuff resistance, replaceable cylinder sleeves, intake 
and exhaust manifolds on opposite sides for free flow 
of air and gas into engine and unrestricted outflow of 
exhaust gases, stellite inserts on exhaust valve seats, 
and full-pressure lubrication. 


INTERNATIONAL. 


INDUSTRIAL POWER 
MAKES EVERY LOAD A PAYLOAD 





INTERNATIONAL 4-CYLINDER 
OIL FIELD ENGINES 


INTERNATIONAL U-264 engine is next to 
the largest in the 4-cylinder line with 
264 cu. in. displacement and 29-52 horse- 
power range on the pumps. 


SPECIFICATIONS 
MAX. TORQUE RPM SPEED 
@ RPM RANGE 
38@1700 1500-2500 
82@1200 1200-1800 
124@1000 1000-1800 
197@ 900 900-1600 
229@ 950 900-1500 


HP RANGE 

8 to 16 
15 to 24 
18 to 36 
29 to 52 
31 to 55 


INTERNATIONAL 6-CYLINDER 
OIL FIELD ENGINES 


INTERNATIONAL U-282 is one of seven 
new IH 6-cylinder oil field engines 
that have shown pumpers everywhere 
how to cut maintenance and operat- 
ing costs. 


SPECIFICATIONS 


MAX. TORQUE RPM SPEED 
DISP. @ RPM RANGE 


220.5 151@1200 1200-2400 


HP RANGE 
30-62 



























U-240 
U-282 
U-372 
U-406 


240 
282.5 
372 
405.9 


166@1200 
204@1225 
263@1200 
279@1200 


1200-2400 
1200-2400 
1200-2200 
1200-2200 


34-64 
41-75 
54-91 
56-98 





_ 





INTERNATIONAL 
HARVESTER 


U-450 
U-1091 


450 
1091.6 


1200-2200 
900-1600 


66-110 
136-200 


324@1200 
823@ 800 


An example of the sturdy construction of INTER- 
NATIONAL oil field engines is seen in the cutaway 
front sectional view of the new U-1091. 


The growing tendency to standardize on stand-out performers 
is adding to the reputation of INTERNATIONAL pumping engines 
throughout the oil fields. 

The INTERNATIONAL line includes 12 models of 4-and-6- 
cylinder oil field engines, ranging from 38.5 to 823 lbs. ft. 
maximum torque—from & to 200 net horsepower. 

If you need a full measure of honest power, IH is the 
line for the most exacting applications. Whether you need 
original equipment or replacement power, check with 
your INTERNATIONAL Industrial Power Unit Distributor 
or Dealer and discover how INTERNATIONALS can do your 
’ work better and for less money. 





INTERNATIONAL HARVESTER COMPANY, CHICAGO 1, ILLINOIS 
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To obtain more information on products advertised see Page E-43 
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Every boiler plant must take precautions to recover waste 
heat to reduce operating costs. The practice of blowing off even 
very small and low pressure boilers— as well as large, high 
pressure plants — intermittently and by hand is intolerable in 
these days of high fuel and labor costs. 

In most cases, continuous blowoff heat recovery equipment, as 
installed, pays for itself in fuel savings in less than three years, 
and, in some cases, in less than two years. 

For any given boiler plant, you can obtain in seconds the 
annual savings in millions of Btu per year resulting from the 
recovery of heat from boiler blowoff by means of a continuous 
blowoff system. Merely use this simple, four-step procedure as 
applied to the accompanying table and curves: 

1. Determine the total dissolved solids in the makeup in ppm 
and choose the allowable concentration in the boiler in ppm 
from the following chart based on ABAI standards: 





Maximum permissible TDS in boiler water 


Total daieed 








Boiler pressure, 


psig solids, ppm 

0- 300. _......3500 
301- 450. ; ; _...3000 
LL | eee eee 2500 
| re Se 
901-1000... es ; _...1250 


1001-1500 am a cavanencs COU 





Suggested limits sometimes recommended by experts for maxi- 
mum permissible silica concentration in boiler water for various 
pressures are: 





Boiler and turbine 


operating pressure, Maximum silica in salines 


psig ppm as SiO. 
250- 600... 40-50 
601- 900. _..20-30 
901-1200 ee 
less than 1200. __........_less than 5-10 and 


less than 1 above 1800 PSIG 








For high-pressure boilers, particularly where turbines are used 
with condensers for very low-pressure steam discharge, the maxi- 
mum permissible silica concentration in the boiler water is 
usually set by the power engineer or consultant so that there will 
be no danger of turbine blade silica deposits. 





*By V. J. Calise, Director, Research and Development, Graver 
Water Conditioning Co. 


BTU Savings From Continuous Blowoff Heat Recovery* 


These values are subject to change based on operating ex 
periences in the field and new experimental data. 

2. From Table 1, find the per cent blowoff of the total evapo- 
ration. This table is based on 100 per cent makeup. If the 
makeup is less than 100 per cent, use this formula to calculate 
the blowoff in pounds per hour: 





_— (Makeup Solids) all 
~~ (Max. allowable boiler TDS) — (Makeup Solids) 
>< (Makeup for evaporation) 
EXAMPLE: 


Boiler pressure = 475 psi 
Total evaporation = 100,000 lb per hr. 
Makeup solids = 250 ppm 
Blowoff solids = Max. allowable boiler TDS 2500 
ppm according to ABAI 
Condensate returns = 50 per cent of total evaporation, 
or 50,000 lb per hr. 
Makeup for evaporation = 50,000 lb per hr. 
250 X 50,000 lb per hr. 
Blowoff = 2500 — 250 
= 5500 lb per hr. 
Total Makeup = Makeup for evaporation + blowoff | 
= 55,550 lb per hr. 
Feedwater — Condensate returns + total makeup 
= 105,550 lb per hr. 


For determining the blowoff based on maintaining a given | 
silica concentration in the boiler salines with a given silica con- 
centration in the treated makeup, use this formula: 

aii (Makeup Silica) 

(Max. allowable silica )— (Makeup silica) 
< (Makeup for evaporation) 

3. Using Curve 1 and knowing the total evaporation, deter- | 
mine the actual pounds per hour of blowoff. 

4, Using Curve 2 and knowing the boiler pressure, determine | 
the aproximate annual savings in millions of Btu per year. The 
actual dollar savings per year can then be calculated for each 
plant. This curve is based on 75 per cent boiler efficiency. For 
other efficiencies, multiply result by proper ratio. 


EXAMPLE: 


Boiler pressure — 400 psi. 

Total dissolved solids in makeup water — 90 ppm. 
Amount of makeup — 100 per cent. 

Total evaporation — 50,000 lb/hr 

Allowable concentration — 3,000 ppm. 

From Table 1, Blowdown = 3.1 per cent. 

From Curve 1, Blowdown = 1,550 lb/hr. 

From Curve 2, Annual Savings = 5,500 million Btu year. 











TABLE 1. Total Dissolved Solids—Allowable Concentrations—% Blowoft 


Based on 100% Makeup 
% Blowoff of total evaporation 





Total dissolved 
solids makeup, 


Allowable concentration, PPM 





PPM 
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MAKE WAY 
FOR THE PIPELINE 


Keep clearing schedules on time and save money doing 
it. Get the dependable, easy-to-handle Homelite chain 
saws. They have more power per pound than any other 
chain saw ever developed. They rip through 20 inch 
trees in 20 seconds, fell the big ones five feet or more in 
diameter with ease. But most important they stand up 
under the grind... they keep cutting day after day, from 
morning to night. Down time and costly job stoppages 
are practically eliminated . .. maintenance costs are re- 
duced to a minimum. Ask your Homelite representative 
for a free demonstration or write for folder today. 


HOMELITE CORPORATION 


4706 Riwerdale Avenue Port Chester, N. Y. 
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BTU Savings From Continuous Blowoff Heat Recovery 


% BLOWOFF 


















100 2 3 a 5 6 7 8 91000 2000 3 _ 6 6 7 8 9 10000 2 3 
% 4, OF ACTUAL BLOWOFF 
CURVE 1: % Blowoff, Total Evaporation, # /hr. of Blowoft 
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CURVE 2: #/hr. of Blowoff, Boiler Pressure, Annual Savings 
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= Wherever oil is produced you'll find ENSIGN Carburetors on gas » 
engines used for well drilling, servicing and pumping. my 

A gas engine to be considered successful must have “acceptance”. Every com- her 
ponent, too, must likewise be acceptable—acceptable from the standpoint na 

of performance and ease of service and repair. An acceptance upon which repeat oe 
business is built comes from a satisfaction and familiarity with the product it 
through years of daily use. Our original service policy which calls for / 
interchangeability and availability of replacement parts for carburetors 20 to 25 as 
years old has helped immeasurability in building ENSIGN acceptance. a 
Operators everywhere are more familiar with an engine when it bu 

is equipped with ENSIGN! yo 


det 
“ENSIGN, pioneers in efficient carburetion for over 42 years.” | 


ENSIGN cxnsvxcror COMPANY : 


7010 South Alameda St., Huntington Park, Calif. + 2330 West 58th St., Chicago 36, Illinois hit 


NATURAL GAS, GASOLINE AND LP-GAS CARBURETORS 5 TO 500 HORSEPOWER * 
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Inflation has set in so much that if you 
tell a woman she looks like a million doll- 
lars she thinks you are insulting her. 

5 7 7 

Sometimes a pinch of salt can be im- 

proved by dropping it into a glass of beer. 
7 r i 

How’s your new girl? 

Not so good. 

You always were lucky. 

+ 7 7 

One great obstacle to marriage these 
days is the increasing difficulty in sup- 
porting the government and a wife on 
one income. 


7 7 7 
Most girls would rather be looked over 
than overlooked. 
7 q 
For years the two sexes have been rac- 
ing for supremacy. Now they have just 
settled down to neck and neck. 
5 A 7 7 
Herman Peterson, author of “Country 
Chronicle,” moved on a farm in upper 
New York state because he thought it 
would be a good place to write. When an 
inquiring neighbor asked between spurts 
of tobacco juice, what crops the stranger 
intended to raise, Peterson was momen- 
tarily stumped. Then he happened to re- 
call what his wife had said about the city 
being no place to bring up children. 
“I’m going to raise children,” he said 
brightly. 
The farmer spat meditatively, “Around 
here,’ he said, “we look on that as a 
sideline.” 


tA Y Sf 
Driving Teacher: “And when I put my 
hand out the window like this, what does 
it mean? 
Woman Student: (hopefully) “The 
window’s open?” 


if i . 

“Jean,” moaned the long-suffering hus- 
band. “You promised me you wouldn’t 
buy any more new dresses. What made 
you buy this one?” 

“The devil tempted me,” replied Jean 
demurely. 

“Why didn’t you say ‘Get thee behind 
me, Satan’?” he asked. 

“T did,” was the sweet reply, “and then 
he whispered over my shoulder, ‘My dear, 
it fits you beautifully at the back’.” 


7 7 Y 
In the days when a woodshed stood be- 
hind the American home, a great deal of 
what now passes for juvenile delinquency 
was settled out of court. 


i 7 ad 

A young husband who had agreed to 
buy a vacuum cleaner was disturbed when 
he found his wife had ordered the deluxe 
model instead of the standard. 

“But dear,” his wife explained, “it won’t 
cost any more. All we have to do is pay 
a little longer.” 

g v v 

Two men met who hadn’t seen each 
other for some time, but one had heard 
that his friend had recently been jilted. 
Sympathetically he said, “So you loved 
and lost, my boy. Too bad.” 

“On the contrary, old man,” said the 
other cheerfully. “I came out ahead. She 
returned all my presents and accidently 
included two from some other guy.” 
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IVVVVVVVVVVVVVVVVVVVVVVVYYY 
LAUGH with BARNEY 


The boy was doing his best, loaded 
down with a wash pot on his back, a 
chicken under his arm, cane in his hand 
and leading a goat. His girl hesitated as 
they came to the woods, saying: 

“I’m afraid to walk with you in there. 
You might try to kiss me.” 

“How could I,” the boy assured her. 
“Look at all I’m carrying.” 

“But you could stick that cane in the 
ground, tie the goat to it, then put the 
chicken under the wash pot.” 


v i 7 
We heard a disappointed wolf say, 
“She’s a good girl, it’s true, but does she 
have to be a fanatic?” 
 d id 5 
Women have a keen sense of humor. 
The more you humor them, the better 
they like it. 


5 7 5 

A Tennessee distiller sent a gift keg of 
whisky to an improvident friend up in the 
hills for Christmas. Along about the end 
of January, the beneficiary dropped in on 
the giver and hinted that more liquor 
would be welcome. 

“Aren't you overdoing it a little?” asked 
the distiller. “As I recall, I sent you a 
whole keg just a few weeks ago.” 

“That's right, sir,’ admitted the moun- 
taineer, “but you got to remember a keg 
of whisky don’t last long in a family that 
can’t afford a cow.” 


i 7 5 
In the pot of life, if you want to keep 
cooking, you’ve got to keep stirring. 


7 7 7 
“How much sleep do you ordinarily re- 
quire?” asked the doctor. 
“About five minutes more.” 


g i ¥ 
“And after Goldilocks ate the porridge,” 
read the baby sitter, “she went upstairs 
and saw three beds...” 
“Jeepers,” interrupted Junior, “I'll bet 
the porridge had been spiked!” 


i 7 5 A 

A man had barely paid off his mort- 
gage on the house when he mortgaged it 
again to buy a car and then borrowed 
money to build a garage. “If I do make the 
loan,” said the broker, “how will you buy 
gas for the car?” 

“It seems to me,” the man replied 
curtly, “that a fellow who owns his own 
house, a car and garage should be able to 
get credit for gasoline.” 

v 7 ¢ 

A man went to the bar and ordered a 
Martini, drank it, chewed up the bowl of 
the glass, and threw the stem over his 
shoulder. He continued this for about six 
Martinis and noticed that the bartender 
was staring at him. 

“I guess you think I’m crazy, don’t 
you?” he asked. 

“I sure do,” the bartender replied, “the 
stems are the best part.” 


if 7 7 
During a severe electrical storm, the 
parent of young Jimmy, age 5, thinking 
he might be awake and be frightened, 
looked into his room. He opened his eyes 
and mumbled, “What’s Daddy doing with 
the television set now?” 


i 7 v 
It’s much better to sit tight—than to 
attempt to drive in that condition. 


The Morse Code for the Bikini bathing 

suit is two dots and a dash. 
+f 5 7 

Money is something that things run into 
and people run out of. 

7 vy 7 

Confucius probably say: Who say |! 
say all the things they say I say? 

7 i t 

Our major cities have become so con 
gested with cars and trucks that there are 
only two kinds of parking left—illegal 
and no. 

t 7 7 

Two farmers at a county fair were fas- 
cinated by a booth where little celluloid 
balls bobbed on top of water jets. Cus- 
tomers were offered substantial prizes if 
they succeeded in shooting any one of the 
balls off its perch. One of the farmers 
spent six quarters in a vain attempt to pick 
off one ball. Finally his friend pushed 
him aside and picked up the rifle. 

“Watch how I do it,” he said. 

He took a single shot. All six balls 
disappeared. 

As they walked away from the booth 
laden with prizes, the unsuccessful one 
marveled. 

“How did you ever do it?” he asked. 

“It just took knowing how,” explained 
the winner. “I shot the man working the 
pump.” 

7 7 ¢ 

Life is cruel to men. When they’re 
born, their mothers get compliments and 
flowers; when they get married the bride 
gets presents and publicity; and when they 
die, their wives get the insurance and the 
winters in Florida. 


7 7 ¢ 
The best flings in life aren’t free. 


7 7 7 

A man was feeling very bad. He was 
worrying because he had just lost 110 
pounds. She was a blonde. 

- 7 ¢ 

“I’m off to the races,” said the horse 
player excitedly, “and I do hope I break 
even. I sure need the money.” 

A 7 7 

Two drunks were leaning over a bai 
telling intimate stories of their life. “! 
weighed only a pound when I was born,” 
said one. 

“Only a pound! Did you live?” asked 
the other. 

“Did I? You should see me now!” 

¢ 7 7 

A woman is young until she takes more 
interest in how her shoes fit than her 
sweater. 

- 5 A v 

_A young man stared into the mirror one 
morning and noted his bloodshot eyes, 
resolved to never go into a bar again. 
That television, he muttered, is ruining 
my eyes. 

i 7 7 

The arm of a well-dressed, generous- 
looking passerby was clutched by a beggar 
who whined, “Give me five cents, kind 
sir, for a cup of coffee?” 

The other looked him over carefully. 
“Why should I give you five cents?” he 
asked. 

“Because, sir, prior to my terrible 
catastrophe, I, too, enjoyed business suc- 
cess and prosperity,” was his reply. “I was 
an industrious worker. On the wall above 
my desk I had a motto which read. “Think 
Constructively — Act Decisively.’ The 
money poured into my coffer. And then 
...and then...” 

“Yes? What happened?” . 

The beggar’s frame shook convulsively 
Tears appeared in his eyes. 

“The cleaning lady burned my motto.” 
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> Selected Values of Physical and Thermodynamic Properties of 
Hydrocarbons and Related Compounds, American Petroleum 
Institute Project 44, Carnegie Press, Pittsburgh, Pennsylvania. 
Pages, 1050. Price, $7.00. 


This extensive volume by the API is the culmination of ten 
years of work, ending in 1952, by a group of the nation’s top 
chemists, and reflects the scope of hydrocarbon research being 
carried on today. The book is a compilation of data of interest to 
the petroleum industry covering physical, thermodynamic, and 
infrared, ultraviolet, Raman, and mass spectral properties of 
hydrocarbons and all related compounds. The extent of the cov- 
erage of the scientific and technical literature by the project is 
indicated by the fact that the number of papers included in the 
list of references is well over 2500. 


* 





> The Romanian Oil Industry, by Constantin N. Jordan, New 
York University Press, Washington Square, New York 3, N. Y. 
Pages, 357. Price, $10.00. 

Although the oil fields and refineries of Romania are relatively 
small as shown in the overall world oil picture, the strategic posi- 
tion in the event of war makes it an area of utmost importance. 
In any European conflict or transfer of power, past, present, or 
future, Romania’s natural resources figure prominently. 

The author, born and educated in Romania, with years of ex- 
perience with a leading Romanian oil company, is considered an 
authority on the petroleum industry there. This publication con- 
tains statistical data pertaining to production figures, equipment 
and supplies; labor force; transport, marketing, and consumption; 
communization of the industry; and oil reserves. It is factual, 
easily readible, and timely. The work is documented with tables, 
graphs, and a map of the oil fields. 

It was especially prepared for the Mid-European Studies Cen- 
ter of the Free Europe Committee, Inc., and with the cooperation 
of the research staff of the American Petroleum Institute. 
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146288 Keswick Street, Van Nuys, Calif. (Suburb of Los Angeles) 


» He Lived for Adventure, by Campbell Osborn, Campbell Pub. 
lishing Company, 330 Woodward Building, Washington, D, C 
Pages, 268. | 


A book of travel, written in autobiographical style, the author 
carries the reader from the Oklahoma oilfields around the world 
exploring many subjects and many vocations. It is a preliminary 
edition relating the experiences with noted governmental and 
military leaders and gives a good insight into the thinking and eco. 
nomic backgrounds of peoples from Bermuda to Burma, as seen 
through the eyes of this writer. 


>» Some Fundamentals of Petroleum Geology, by G. D. Hobson, 
PhD, Oxford University Press, London, and New York 
Pages, 140. 


Author Hobson, a member of the staff of the geology depart. 
ment of the Imperial College of Science and Technology, has 
effectively presented an overall, brief, explanation of the nature 
of oil accumulation, together with ideas on the origin of oil and 
its aggregation into a commercial oil pool. 

This book was prepared for a student of geology or for those 
already familiar with the oil industry, but lacking in geological 
theory. Included are discussions on chemical, physical composi- 
tion and properties of oil, natural gas and natural gasoline, the 
origin of petroleum, as well as explanations of current concepts of 
reservoir pressures and oil migration and accumulation. Such 
subject as fluid loss, formation volume factors, porosity, per- 
meability, and closure also receive attention. It is up to date in 
content, worldwide in scope, and excellent in presentation. 


> Manufacture and Application of Lubricating Greases, by C. J, 
Boner, Reinhold Publishing Company, New York City. Pages, 
977. Price, $18.50. 


The first book on lubricating greases since the famous old 


‘authority, Lubricating Greases, by E. N. Klemgard, this nearly a 


thousand pages is the most replete volume, or series of volumes 
on this highly complicated subject ever published. Authored by 
one of the two or three really top authorities in the entire field, 
Boner has outdone himself in the wealth of data presented. 

Among innumerable other outstanding items, he has, we believe, 
for the first time, presented a workable, intelligible, practical 
definition of the perplexing—for the non-authority—word, 
“Thixotropy.” His suggested definition (p. 65) is “Thixotropy in 
lubricating greases is that property which is manifested by a de- 
crease in consistency as a result of shearing, followed by an in- 
crease in consistency starting immediately after the shearing is 
stopped.” In this context the meaning of “shearing” is obviously 
“stirring” or otherwise mixing up the body of the grease. 

No mere brief review can do the book justice; starting with 
“structure and theory,” the author assembles in turn the working 
materials of the industry, that claims some 115 manufacturers (he 
says) in the U.S. A.: Additives, Raw Materials, Processes, Manu- 
facturing Equipment. Then he plunges into the innumerable 
ramifications of the industry’s problems and products; Aluminum, 
Barium, Calcium, Lithium, Sodium, Lead, Strontium and other 
base greases. To complicate an already highly complicated tech- 
nology, the industry has introduced many, many mixed-base 
greases; the number of permutations of properties and effects on 
properties of this mixing of components beggars description or 
enumeration. The author shows many specifications and composi- 
tions of various type greases; discusses the advantages and dis- 
advantages of mixing primary components, in affecting, improv- 
ing or degrading grease properties innumerable. Photomicro- 
graphs, especially since the adaptation of the electron microscope, 
have brought to light to a degree hitherto undreamed of the struc- 
ture, properties and characteristics of lubricating greases and their 
components. 

Two of the foremost chapters are Analysis of Lubricating 
Greases, and Tests of Lubricating Greases and Their Significance. 
Here both the modus operandi and the pertinent items to be de- 
termined and measured are included along with discussion of 
standard equipment employed, needs to be met, and interpretation 
of results; this last is without doubt the most important of all the 
details presented. 

The book cannot be appraised satisfactorily in any review; only 
by reading and studying its contents can we realize the real value 
ef this monumental work. 


> Rotary-Percussion Drilling, by Emory N. Kemler, Summary 
Reports, P. O. Box 176, Spring Park, Minnesota. Pages, 114. 

Demand for higher drilling rates for very hard formations and 
straighter holes is responsible for many innovations in drill- 
ing procedure, notable of such is the rotary-percussion method. 
Because of its recent and fast changing development, there is little 
technical literature to guide research and drilling engineers. This 
manual was produced to fulfill this purpose through a discussion 
of literature, patents and listings of patent abstracts on pneumatic 
and other rotary-percussion devices and their inventors and 
authors. 
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PERSONALS 





» Lawrence Wolff, 59, executive assistant 
to the vice president of Union Oil Com- 
any of California, has retired from the 
company after 43 years of service. 


» John R. Rock of Berkeley, California, 
has been promoted to assistant supervisor 
of employee relations of Tide Water Asso- 
ciated Oil Company’s Western division, 
replacing Claude E. Fountain who has 
been made assistant to the manager of 
the company’s nationwide employee rela- 
tions program. 


» Lewis W. Douglas, former ambassador 
to Great Britain and internationally known 
American businessman, has been elected a 
director of Continental Oil Company. P. 
Malozemoff, New York City, director and 
president of Newmont Mining Corpora- 
tion, was also elected a director. He re- 
placed Charles F. Ayer, who has retired 
after 26 years as a Continental director. 

J. W. Ferguson, for the past two years 
assistant manager of Continental’s co- 
ordinating and planning department, has 
been promoted to acting manager. He suc- 
ceeded C. B. Wentz, who was recently 
promoted to assistant general manager of 
Continental’s southern region. Ferguson, 
who joined Conoco as senior analyst in 
1952, was previously associated with The 
U. S. Bureau of Mines in gas engineering 
capacities. 

Oswald Newell, Jr., senior process engi- 
neer in Continental Oil Company’s manu- 
facturing department, has been selected 
from American .industry to receive a 
1955-56 Sloan Fellowship at the Massa- 
chusetts Institute of Technology. Nowell 
is the fourth Conoco man in six years to 
receive a Sloan Fellowship. 


>) H. Maurice Banta has been named 
technical adviser at Battelle Institute, Co- 
lumbus, Ohio. Long associated with tech- 
nical studies of petroleum and gas drill- 
ing, production and drilling equipment, 
and pipe line installation and mainte- 
nance, he will advise the Institute’s clients 
on the formation of their research pro- 
grams. Banta has directed research studies 
at Battelle since 1942 and is the author 
of numerous metallurgical papers. 


> J. Frank Drake, after serving 17 years 
as president of the Gulf Oil Corporation, 
5 years as chairman of the board, and, 
during the past two years, as chairman of 
the executive committee, has retired from 
the last-named position. He continues, 
however, as a member of Gulf’s board of 
directors and of the finance committee of 
the board. He first joined Gulf in June, 
1919, as assistant to the president. In 
1923, he left Gulf to become president 
of the Standard Steel Car Company. He 
returned to Gulf as president in April, 
1931. Five years later, he was elected 
chairman of Gulf’s executive committee. 

Drake is a director of Pullman, Inc.; 
Pullman Standard Car Manufacturing 
Company; Armee Steel Corporation; Mel- 
lon National Bank and Trust Company; 
the Chase Manhattan Bank; Rockwell 
Manufacturing Company; Trailmobile 
Company; M. W. Kellogg Company and 
other corporations. 

W. G. Moore, Gulf, a veteran of more 
than 20 years with the company, has re- 
tired. Moore has served as assistant to 
president under Drake (1934 to 1948), 
S. A. Swensrud (1948 to 1953), and more 
recently under W. K. Whiteford, Gulf’s 
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Professor Marcello Boldrini, chairman of the general organizing committee of the Fourth 
World Petroleum Congress, in a recent press conference in Rome; attended by foreign 
and Italian correspondents, outlined general plans and aims. In the group flanking 
Boldrini are: At his right, the Gr. Uff. D’Amelio and Marchese Pennavaria, both vice 
chairmen of the general organizing committee; at his left, Dr. Cazzaniga, vice chairman 
of the general organizing committee and Dr. Muston, general secretary of the congress. 


current president. During his service to 
Gulf, Moore’s activities were concerned 
largely with the economics and coordina- 
tion of the company’s major operations. 
More recently he has been actively en- 
gaged in the development of the com- 
pany’s growing petrochemical interests. 


> William Ewing Eadie, who has been 
appointed the managing director of the 
Burmah Oil Com- 
pany, has served with 
that company for 34 
years. He is a char- 
tered accountant by 
profession. He joined 
the Burmah Oil 
Company in 1921 
and proceeded to 
Burma. On the for- 
mation of Burmah- 
> | Shell in 1928 he was 
. transferred to that 
W. E. Eadie company as chief ac- 
countant and took up residence in Cal- 
cutta. In 1941 he was transferred to the 
head office in London of the Burmah Oil 
Company and in 1948 became chief ac- 
countant. Two years later he joined the 
Board as an executive director and in 
1951 was appointed assistant managing di- 
rector. Eadie replaced W. E. V. Abraham, 
who retired at his own request from the 
managing directorship, but retained his di- 
rectorship. 





> John M. Sprague has been named a vice 
president of The Carter Oil Company. 
Sprague, who has been manager of Car- 
ter’s eastern divison operations in Illinois, 
Indiana, Michigan, and Kentucky, will 
make his headquarters in Tulsa, Okla- 
homa. R. C. Curtis, formerly production 
manager of the eastern division, suc- 
ceeded Sprague. 


> Dr. Kieffer Davis, medical director of 
Phillips Petroleum Company, has been in- 
stalled as president of the Industrial Medi- 
cal Association. Davis, who joined Phil- 
lips in 1947 as head of the company’s 
medical department, has inaugurated a 
program of industrial medicine that now 
includes preventive and constructive as 
well as curative practices. He was among 
the first in the industry to use a mobile 
medical unit as a means of reaching field 
employees for periodic health determina- 
tions. 


> Gustave L. Hoehn, Jr., and Phillips S. 
Landis have been awarded Socony Mobil 


Oil Company’s 1955 incentive fellowships. 
Hoehn is a senior research electrical engi- 
neer at Magnolia Petroleum Company’s 
field research laboratories at Dallas, 
Texas. Landis is a senior research chemist 
at Socony’s laboratories at Paulsboro, 
New Jersey. Socony Mobil, whose corpo- 
rate name was recently changed from 
Socony-Vacuum, established these annua! 
fellowships in 1947 “to improve the aca- 
demic training of their laboratories’ em- 
ployees who have shown more than usual! 
ability and proficiency .. .” 


> D. L. Hussey has resigned from the 
board of directors of Iraanse Aardolie 
Raffinage Maatschappij (Iranian Oil Re- 
fining Company) N. V. and P. E. Kuhl has 
been appointed to fill the vacancy on the 
board. 





J. E. Roth J. H. Sembower 


> J. E. Roth, vice president and general 
manager of the central division of Tide 
Water Associated Oil Company at Tulsa 
Oklahoma, has been elected to the board 
of directors of the American Petroleum 
Institute. He replaced E. H. Salrin, re 
tired vice president of Tide Water Asso 
ciated. 


> J. H. Sembower, West Coast public re 
lations manager for Shell Oil Company, 
has moved from San Francisco to Los 
Angeles. P. W. Harvey, who has been the 
Los Angeles representative for the past 
year, has been transferred to San Fran 
cisco. A series of transfers in Shell’s pub 
lic relations department recently estab 
lished Los Angeles as headquarters for 
West Coast activities. 

T. F. Scoggins has been named to re 
place Harvey in Los Angeles. Scoggins 
has been the company’s public relations 
representative in New Orleans, Louisiana, 
during the past three years. A fourth move 
sent W. L. Gordon from San Francisco 
to a newly created northwest public rela 
tions post in Seattle, Washington. 
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> Elmer F. E. Schmidt has been elected 
president of Overland Oil, Inc., Denver, 
Colorado, oil and uranium company. He 
was formerly vice president and general 
manager of the Lone Star System. 

Winfield Morten, former president of 
Overland, has been elected chairman of 
the board. 


> S. B. Irelan, president of Cities Service 
Oil Company, has been elected a member 
of the Purdue Research Foundation as an 
alumni research counselor. Irelan is a 
graduate of Purdue and is the recipient 
of an honorary doctorate in engineering. 


> M. Darwin Kirk, who was elected vice 
president and general attorney for Sunray 
Oil Corporation in March, 1951, fills the 
same post with Sunray Mid-Continent Oil 
Company. 

Kirk was graduated from the Univer- 
sity of Oklahoma in 1923, and obtained 
his LLB degree from OU in 1925. He 
joined the legal staff of Phillips Petroleum 
Company in September, 1928. 


> Dr. Carlos Lander Marques has been 
appointed manager of the industrial rela- 
tions department of Creole Petroleum 
Corporation in Venezuela. Lawrence P. 
Birney has been designated assistant man- 
ager and began his new duties in June. 
Creole’s new industrial relations manager 
replaced Hal J. Wright, who was recently 
elected:a member of the company’s board 
of directors. 


>» E. D. Brockett, Jr., has been elected a 
vice president of Gulf Oil Corporation. 
He will be manager of the company’s 
Houston, Texas, production division, suc- 
ceeding Vice President B. C. Belt, who 
has announced retirement plans. A petro- 
leum engineer by profession, Brockett 
joined Gulf as a roustabout in 1934, 


Classified 


PETROLEUM 
ENGINEERS 


Experienced graduate engineers or re- 
cent graduates, for immediate and 
future job openings in Saudi-Arabia 
and New York City. For engineering 
work in development, production, drill- 
ing, process, and oil and gas engineer- 
ing on primary and secondary recovery 
problems. 

Salaries commensurate with education 
and experience. Write giving full par- 
ticulars regarding personal history and 
work experience. Please include tele- 
phone number. 

Recruiting Supervisor, Box 59 


ARABIAN AMERICAN 
OIL COMPANY 


505 Park Avenue 
New York 22, N. Y. 
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DEATHS 


> Dr. Gustav Egloff, one of the world’s 
foremost petroleum scientists and direc- 
tor of research for Universal Oil Products 
Company, died recently in Alexian 
Brothers Hospital, Chicago, Illinois, fol- 
lowing a brief illness. The dynamic “Mr. 
Petroleum” was active almost to the end 
and had visited his office just a few days 
before his death. 

Dr. Egloff was the oldest employee in 
point of service of Universal Oil Products 
Company, having joined on February 15, 
1917, when the fledgling company had a 
small research building in Independence, 
Kansas. He had held the post of director of 
research for many years, and had seen the 
refining industry revolutionized. 

Born in New York of Swiss parents, Dr. 
Egloff attended Cornell University and 
Columbia University. 

Later he frequently startled the scien- 
tific world as well as the general public 
with predictions of revolutionary develop- 
ments 10, 15 or 20 years before their oc- 
currence. Years before nylon, orlon and 
dacron, for example, became household 
words and every day articles of wearing 
apparel, Dr. Egloff predicted with supreme 
confidence that synthetic fibers would be 
created out of petroleum by-products. 

Dr. Egloff was the author of 650 articles 
relating to the petroléum industry and the 
chemistry of hydrocarbons, particularly 
the cracking and refining of oil. Approxi- 
mately 300 patents had been credited to 
him in the United States and abroad re- 
lating to the processing of petroleum oil, 
coal, shale oil and chemical derivatives of 
hydrocarbons. He was the author of a 
number of books which are widely used by 
petroleum scientists and _ technologists. 
Among them are Thermal Reactions of 
Pure Hydrocarbons, Catalysis, lsomeriza- 
tion of Pure Hydrocarbons, Alkylation of 
Alkanes, and a five-volume work Physical 
Constants of Hydrocarbons. 

Honors came to him by the score, both 
from scientific societies and from govern- 
ments around the world. In October of 
1953 he was one of three invited foreign 
lecturers at the 75th anniversary celebra- 
tion of the Chemical Society of Japan, and 
was the only American to address the 
society. Last October 7 he was awarded 
the coveted Karl Engler Medal at the Ger- 
man Institute of Petroleum and Coal Con- 
gress in Essen—the first scientist living 
outside of that country ever chosen for the 
award. 

Among other honors conferred upon 





“The oil industry has never been 
free of serious problems. Certainly, 
it is beset with many difficult situa- 
tions at this time. The fact that it has 
been able to meet and solve these 
problems in the past has given it a 
dynamic history. 

“Confident that present day prob- 
lems, like all others that have faced 
producers over the life of the indus- 
try, will eventually be solved, the 
management of Plymouth Oil Com- 
pany views the long term future of 
the petroleum business with the ut- 
most optimism. It recognizes that in 





—Genius... Courage... 


him were the Octave Chanute Medal of 
the Western Society of Engineers jp 
1939-40; his nomination as one of the 
“Modern Pioneers” by the National Asso. 
ciation of Manufacturers in 1940; the 


Gold Medal of the American Institute of - 


Chemists in 1940; Distinguished Service 
Award of the National Research Coungjj 
in 1941; a fellowship in the Royal Society 
of Arts of Great Britain in 1950, and 
honorary degrees of doctor of science con. 
fered by the Polytechnic Institute of 
Brooklyn, Illinois Institute of Technology, 
and the Philadelphia College of Pharmacy 
and Science. 


> L. E. Emerich, director of marketing 
for Leeds & Northrup Company, died re- 
cently after an illness of several months, 
Emerich, a graduate of Carnegie Institute 
of Technology, joined Leeds & Northrup 
in 1922 as a sales engineer. 


>» Robert C. Woodward, who had retired 
in December, 1954, after serving 20 years 
as chief metallurgist for Bucyrus-Erie 
Company, died at Columbia Hospital in 
Milwaukee, Wisconsin, after a short ill- 
ness. After joining Bucyrus-Erie in 1935, 
Woodward gained experience in cable tool 
drilling problems and had planned to offer 
part-time consultant service in retirement. 
He had become known as a speaker on 
drilling problems and was the author of 
a recent paper on “Heating, Forging, and 
Hardening Churn Drill Bits.” 


>» Frank A. Hiter, senior vice president of 
Stewart-Warner Corporation since 1944 
and head of the company’s Alemite and 
Instrument division died recently at Wes- 
ley Memorial hospital, Chicago, Illinois. 
Hiter would have completed 35 years with 
the Alemite lubrication products division 
of Stewart-Warner next December. He 
started as assistant sales manager of the 
Alemite Corporation in 1920, four years 
before that company was purchased by 
Stewart-Warner. He became a vice presi- 
dent of Stewart-Warner in 1933 and a 
director in 1942. 


> Roy J. Miller, an executive of the for- 
mer Julius Hyman Company for five 
years, died recently in Denver, Colorado, 
from injuries suffered in a traffic accident. 
Miller, who formerly resided in Denver, 
had moved to California two years ago 
when the Hyman Company was taken 
over by Shell Chemical Company. 


Enterprise 





an economy in which every segment 
is inter-related and inter-dependent, 
the future of the industry is insepa- 
rably linked with the destiny of 
America. 

“The management has unlimited 
faith in our country and its institu- 
tions. It believes that through the 
genius of science, courage and re- 
sourcefulness of the pioneer, and the 
enterprise of management and 
labor, new horizons will constantly 
be developed in a way that will bring 
great prosperity and broader. oppor- 
tunity for all citizens.” 


—Plymouth Oil Company Annual Report. 
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Young Mono-Weld water cooling capacities range 
from 500,000 to 2,300,000 B.T.U. per hour. For 
further details write or call Young Radiator Com- 
pany today. 

Mono-Weld is a Young Radiator Company Trademark 
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Catalog No. 1651 provides feature, ca- 
pacity data and accessory information. 
Write Young Radiator Company, Dept. 
215-F, Racine, Wisconsin. 
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ern Oakite cleaning by writing 
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Schlumberger Adds Branches Fairbanks, Morse Enlarges IRE Uses Closed TV ada. T 
Three new service locations—two in Fairbanks, Morse and Company has _The most extensive closed circuit tele. will ag 
Kansas and one in North Texas—have formally opened a new sales and service vision systcm to provide a message pag. _gosaad 
been opened by Schlumberger Well Sur- headquarters for a seven-state area in- ing service at a trade show was installed _— 
veying Corporation. Offices were opened cluding Connecticut, New York, New at the Radio Engineering Show of the Compe 
in Wakeeney, Kansas, with R. W. Clum Jersey, Eastern Pennsylvania, Maryland, Institute of Radio Engineers held at the Pritché 
as manager, and at Medicine Lodge with Delaware and Virginia. Kingsbridge Armory and Kingsland Pal. 
Gayle T. Bradshaw as manager. The new ea ace in Clifton, New Jersey. ALCO 
service point in North Texas is at Sher- New Ampco Distributors Eight monitors were in Operation, with Am«¢ 
man under direction of R. S. Beaty. The safety tool department of Ampzo messages for visitors and exhibitors be- acquir 
5 Metal, Inc.. Milwaukee, Wisconsin has ing received at a central switchboard and a new 
Pearce Company Organized announced the appointment of two new the names posted on a large board stand- tudina 
Pearce Equipment Company, Inc., has Ciass “A” Distributors. The Giller Tool ing before the TV comers. These names chang 
been organized in Houston as a subsidi- Supply Company, Inc., Dallas, Texas and are flashed simultaneously = all eight nounc 
ary of Waukesha Sales and Service, Inc. The Mississippi Foundry and Machine a The TV receivers were supplied tube | 
and will be exclusive distributor in the Company, inc., Jackson, Mississippi are by Capehart-Farnsworth Company; the chemi 
Houston-Gulf Coast area for Clark the appointees. ['V camera equipment by Farnsworth dustric 
Equipment Company’s Michigan line of Electronics Company, and the coaxial sign tt 
construction machinery equipment. Bjorksten Records Progress — by a a and Radio k 
Neresce Representative Named  ,Asumary of 10 years’ progress and  ampany. all divisions of Internatona| Brak 
aresco Kepresentative Name an analysis of plans for the next decade , i dattne Bra 
The Hainge Company, Incorporated, are contained in a report just issued by ; and s 
Houston, has been appointed Gulf Coast Bjorksten Research Laboratories of Madi- Delta Enters New Field Chem 
sales representative by Naresco Equip- son, Wisconsin, Chicago, Illinois, New Delta Tank Manufacturing Company, also fF 
ment Corporation, equipment sales sub- York, New York, and Washington, D. C. Inc., subsidiary of General Gas Corpora- Texas 
sidiary of National Research Corporation. Operated for sponsored industrial re- tion, announced its entry into the produc- be an 
The Company will sell the entire line of search, the Laboratories have made tion of oil-gas separators for use in oil 
high vacuum equipment manufactured by numerous contributions to widely diversi- fields and unveiled a new line of spherical Dore 
the Equipment division of National Re- fied fields. units which can process up to 16,000 bbl Do 
search .Corporation. id N dj Out! of crude oil daily. The Delta spherical struct 
, ‘ TT eco Name ones Outlet separators have been field tested by a their 
White Buys Diesel Division Mason B. Jones, president, The S. M. number of major oil companies. Stree’ 
The White Motor Company, manufac- Jones Company, has announced the ap- 3200 
turer of motor trucks, has also become a pointment of Ideco, one of the Dresser Baroid Opens Retail Store build 
major producer of diesel engines, through Industries, as the exclusive export dis- A store devoted entirely to the sale of equif 
ve egg cord od — —— —. tributor of Jones Sucker Rods. mud has been opened at 19551 Santa Fe Teflo 
— sep fare! oe way . Avenue, Long Beach, by the Baroid divi- 
the diesel engine division of The Na- Canadian Outlet Named sion of National Lead Company. This is BS& 
tional Supply Company. oo of BS soto -cahginavesmea its first direct sales store to serve the oil BI. 
F Systems, Ltd., as Canadian representa- industry. The firm supplies clays, chemi- centl 
Security Moves tives for its Autronic Process Controls cals, and other materials used in special valve 
The executive offices of Security En- Division for Ontario and all eastern prov- muds needed for oil well drilling. tions 
gineering division, one of the Dresser In- inces of Canada is announced by The The new store, near Long Beach, is an “too! 
dustries, have been moved from Whittier, Swartwout Company, -Cleveland. The industrial innovation designed to give Gray 
California to Dallas, Texas. Security's power plant equipment division of The comprehensive direct-from-manufacturer do, < 
management is headquartering in the At- Swartwout Company will continue to be service in the Huntington Beach, Seal valv 
lantic Building at Dallas pending comple- represented in Canada except for British Beach, Long Beach, Wilmington, Signal upor 
tion of executive offices. Columbia by Dominion Flow Meter Hill and adjacent fields. on a 
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ROUGHNECKS CLUB 
fn recognition of 799 ey se 
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’ 4 SHNRCK, 1855 tan 
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4 Cit 
Oilman R. E. (Bob) Smith, Houston, Texas, was named  blem from E. B. Germany, Lone Star president. The Roughnecks’ L.t 
Chief of the Roughneck’s club for 1955 in ceremonies at Lone club is dedicated to the recognition ‘‘of the pioneers of yesterday 
Star Steel Company's integrated steel mill in Northeast Texas. and today whose perseverance and courage have made our nation tie 
Smith, right, receives a handsome plaque and jeweled lapel em- the world’s leaders in petroleum."’ For more details see E-37. = 
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Poole-Pritchard Formed 


A new design, engineering, and con- 
struction organization, the Poole-Prit- 
chard Company, Ltd., has been formed 
with offices in Edmonton, Alberta, Can- 
ada. The company’s area of operations 
will be in western Canada from the Great 
Lakes to the Pacific. The organization is 
a combination of the Poole Construction 
Company, Ltd., of Edmonton and J. F. 
Pritchard and Company of Kansas City. 


ALCO Adds Fin Tube Process 


American Locomotive Company has 
acquired the Carter Craft fin tube process, 
a new method of heliarc welding longi- 
tudinal fins to tubes for use in heat ex- 
changers. The company has also an- 
nounced production of a new line of fin 
tube heat exchangers for the petroleum, 
chemical, petrochemical and power in- 
dustries, which employ the advance-de- 
sign tubes in their construction. 


BrakeSol, Inc. Appointed Agent 


BrakeSol, Inc. has been appointed sales 
and service representatives for McCord 
Chemical Pumps and parts. McCord has 
also put in a warehouse dock at Odessa, 
Texas. Other warehouse locations will 
be announced later. 


Dore’ Companies Expand 


Dore’ Companies have started con- 
struction on additional plant facilities in 
their present location, 5406 Schuler 
Street, Houston, Texas. The addition is a 
3200 sq ft steel and corrugated asbestos 
building, which will house machinery and 
equipment for molding and finishing 
Teflon, Kel-F and nylon shapes. 


BS&B Develops Method 


Black, Sivalls and Bryson, Inc., has re- 
cently developed a new method for sizing 
valves for liquid, steam, and gas applica- 
tions. The new method utilizes two basic 
“tools” for accurate sizing: the Size-O- 
Graph, to determine what the valve must 
do, and CV ratines, to determine what the 
valve will do. These “tools” are based 
upon thousands of flow tests performed 
on all sizes and types of BS&B controls. 


American Hoist Acquires Laughlin 


The acquisition of the Thomas Laugh- 
lin Company of Portland, Maine, has 
been announced by American Hoist and 
Derrick Company of St. Paul, Minnesota. 
The merger is the first step of a planned 
expansion prosram authorized by Ameri- 
can Hoist stockholders a year ago. 


Climax Adds Distributors 


Climax Engine and Pump Manufac- 
turing Company has recently set up 12 
new distributor locations. New distribu- 
tors are Sweeney Brothers, Williston and 
Fargo, North Dakota; Cullander Ma- 
chinery Company, Belzoni, Mississippi 
and West Memphis, Arkansas; Equipment 
Service Company (irrigation envines 
only), Pecos, Texas; Henkle and Com- 
pany (irrigation engines onlv), Garden 
City, Kansas; Landes, Zachary and Peter- 
son, Denver, Colorado, Billings, Mon- 
tana, El Paso, Texas, Albuquerque, New 
Mexico, Casper, Wyoming, and Salt Lake 
City, Utah. 


L.O.F. Plant Toured 


_ A tour of three midwestern plant facili- 

ties was a highlight of the first general 
sales meetine of the new L.O.F. Glass 
Fibers Company. 
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Trade News 








Carl White, Jr., left, former president of Franks Manufacturing Corporation of Tulsa, 
shows R. A. Baker, center, new Franks president, about the Franks plant following the 
sale of Franks to the Cabot Shops, Inc., of Pampa, Texas. C. C. Simmons, Franks Works 
Manager, looks on. White remains with the company in an advisory capacity. 


Tuboscope Expands in Merger 

Effective May i the services, equip- 
ment, and experience of Subsurface En- 
gineering Company, spécialists in devel- 
oping data for reservoir analysis, is 
merged into Tuboscope Company. This 
merger will result in a stronger and 
larger organization which will be able to 
carry out the research and field work 
needed to serve the expanding oil 
industry. 


BJ, B-W Merger Near 


R. C. Ingersoll, president of Borg- 
Warner Corporation, and E. S. Dulin, 
president of Byron Jackson Company, an- 
nounce that after negotiating for some 
time they have agreed and will recom- 
mend to their respective boards of direc- 
tors that the two companies merge. 
Dulin has agreed to also recommend that 
the Byron Jackson shareholders approve 
the plan of merger. The merger is to be 
accomplished on the basis of four shares 
of Borg-Warner for five shares of Byron 
Jackson. 


Chiksan Has Sales Meet 


Sales department of Chiksan Company 
held a three-day sales conference at the 
main office and plant at Brea, California, 
April 18 through 20, with 30 Chiksan 
sales personnel present. Canada, the At- 
lantic seaboard, the Midwest and South- 
west were represented, with two memb>rs 
of the Weco division in Houston present. 

Chiksan’s newest products were un- 
veiled and demonstrated and part of the 
session was devoted to training of new 
sales techniques, with a number of films 
shown. The meetings were conducted by 
R. T. Jones, Western regional sales 
manager, and L. J. Smith, Eastern re- 
gional sales manager. 


NAC Advances Officers 


National Aluminate Corporation, Chi- 
cago, recently announced the advance- 
ment of former assistant vice presidents 
H. R. Powers, Gage Averill and Alphonso 
Cantalini each to the post of vice presi- 
dent. Powers will be in charge of the 
chemical firm’s industrial division sales, 
Averill in charge of catalyst division sales, 
and Cantalini will continue as European 
manager, headquartering in Rome, Italy. 


Nuclear Power Valves Studied 


Steel valve requirements for flow con- 
trol of radioactive materials in nuclear 
power plants, which are being studied by 
laboratories of Edward Valves, Inc., were 
discussed at a week-long sales meeting. 
Sales engineers and representatives at- 
tending also visited the laboratories. 


Dowell Expands 


Plans for adding 12,600 sq ft of floor 
space in the Dowell research laboratory 
in Tulsa, have been announced. 

An additional 1450 square feet of floor 
space in the equipment assembly building 
is being prepared for the use of studying 
chemical batching and mixing of field 
size volume of materials. 

Future programs include the addition 
of an electron miscroscope, X-ray fluor 
escence analyzer and a mass spectrometer 

Completion of this project will result 
in a substantial increase in the number of 
people engaged in research, company said 
Personnel to be added later will be trained 
in chemistry, chemical engineering, pe 
troleum engineering, physics, geology 
and related fields. 

Plans for the new construction have 
been prepared by Frederick Vance 
Kershner. 


New Home For Larkin Packer 


The construction of a new plant and 
general office headquarters for the Lar 
kin Packer Company, Inc., has been 
started in Waxahachie, Texas. The new 
plant will occupy a 28-acre site and will 
provide approximately 70,000 sq ft of 
completely modern shop and office space 


Lorum Outlet Named 


Lorum Fibre Company, Inc., New 
York, has announced the appointment of 
Product Development Company of Hous 
ton, Texas, headed by Roy Dawson, as 
exclusive manufacturer’s representative 
to the drilling mud industry in the United 
States (except for California) and Canada 
for the sale of Leather Fibre as a lost cir- 
culation additive. Leather Fibre is a pat 
ented product for well drilling developed 
in conjunction with the Research Labora 
tories of the Magnolia Petroleum Com 
pany, also sold under the trade names of 
Leather Floc and Leath-O. 
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Trade News 








April 23, 1955, represented another 
milestone in the colorful and fast-moving 
history of Perforating Guns Atlas Cor- 
poration, as it formally opened a new 10- 
acre plant at Scott Street and Holmes 
Road, in Houston, Texas. PGAC has out- 
grown two plants in the past five years, 
indicating its growth in logging and per- 
forating services. 

The new plant now comprises four 
buildings, providing over 26,000 sq ft of 
floor space. The office building is a two- 
story structure of modern design, which 
will be extended later as needed. It is 
directly connected to the research labora- 
tories building. Here, research in radio- 
active developments for the oil industry 
will be carried on. Another building 
houses the shops in which are built 
PGAC’s perforating guns, logging instru- 
ments and other equipment. The fourth 
building contains the garage and shops in 
which the company’s trucks for field serv- 
ice are built and serviced. 

Perforating Guns Atlas Corporation is 
affiliated with the National Cylinder Gas 
Company. And PGAC, in turn, has three 
affiliate foreign operating companies of 
its own: in Canada, Perforating Guns of 
Canada, Ltd.; in Germany, Deutsch- 
Amerikanische Olfelddienst, G.m.b.H.: 
and in Venezuela, Servicios Tecnicos 
Atlas, C.A. 

Officers of PGAC are Paul Charrin, 
president; J. H. Castel, executive vice 
president and assistant secretary; J. W. 
Dunham, vice president; W. W. Whitnell, 
secretary; and L. Parker McKinley, 
treasurer. 


PGAC Opens Main Plant, General Offices in Houston 


On October 1, 1946, Charrin started the 
Atlas Research Corporation, which was 
destined later to become the present 
PGAC. The original company had the 
modest floor area for shop and office of 
only 500 sq ft—and one employee, Char- 
rin! A few weeks later, Castel joined the 
embroyonic firm as vice president—the 
company’s second employee. 

Today, just 8% years later, the com- 
pany has over 430 employees working in 
four countries. It operates 35 stations, 
from which a fleet that now is fast ap- 
proaching 100 logging and perforating 
field units serves the oil industry. 

These two men, Charrin and Castel, 
were both born in France, and arrived in 
the U. S. A. in 1926 and 1938 respec- 
tively. Each immediately stuck his feet 
deep into Texas soil. 

In 1947, the original Atlas Research 
Corporation changed its name to Atlas 
Well Service Corporation. The following 
year the company acquired the Perfo- 
rating Guns Company, and in 1949 the 
two companies were merged under the 
present name, Perforating Guns Atlas 
Corporation. Prior to founding this en- 
terprise, Charrin had resigned as executive 
vice president of the Schlumberger Well 
Surveying Corporation, with which firm 
he had been associated for twenty years. 

Castel, prior to joining Charrin in 1946 
in the enterprise that eventually was to 
become PGAC, was also with the 
Schlumberger Well Surveying Corpora- 
tion. His resignation as vice president in 
charge of the perforating department 
terminated 20 years with that firm. 





Dope Formula Changed 


Silicones has been added to “Big ‘D’ 
Dope” manufactured by C. H. Dragert 
Company, Inc., Dallas, Texas. The inno- 
vation in the formula followed a survey 
of oil drilling engineers and maintenance 
executives in U. S. industry generally. 


Baroid Expands ‘in West Texas 


Baroid Division, National Lead Com- 
pany has expanded its service in the West 
Texas and Permian Basin area. 

Baroid’s present office in Midland has 
been made operational headquarters for 
the West Texas area, and S. D. Wiginton, 
Jr., has been appointed manager. Joe W. 
Beane has been appointed assistant mana- 
ger. D. D. Varnell, sales representative, 
and Homer C. Leland has been appointed 
area engineer. Baroid’s West Texas area 
is made up of four operational districts. 
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Litwin Company Formed 


The Litwin Engineering Company, 
Wichita, Kansas, has been formed to de- 
sign and construct refineries, gasoline, and 
petrochemical plants. Harry Litwin, presi- 
dent, was associated with Winkler-Koch 
and later was vice president of Koch En- 
gineering Company. 


Selas Builds Plant 


Work has just started on a new $1,- 
000,000 plant for the Selas Corporation 
of America, Philadelphia, which develops, 
designs, and manufactures microporus fil- 
ters, membrane type separators, heaters 
and other fluid processing equipment for 
the chemical, petroleum, petrochemical 
and plastics industries. The new plant is 
being constructed on an eleven-acre site 
at Dresher, Pennsylvania. 





New Sales Set-up 

National sales of Springfield water- 
tube package generators will be made 
through the coast-to-coast network of 
Kewanee-Ross Boiler division sales of- 
fices. Kewanee-Ross Corporation, a divi- 
sion of the American Radiator and Stand- 
ard Sanitary Corporation, maintains sales 
engineering offices in fifty-three cities 
with plants located in Kewanee, Illinois; 
Lebanon, Pennsylvania, and Buffalo, New 
York. The new name for the product will 
be the Kewanee-Springfield Water-tube 
Package Generator. 


Gulf Steelwork Completed 


Crews of the Consolidated Western 
Steel division of U. S. Steel Corporation 
recently completed erection of the steel- 
work for Gulf Oil Corporation’s large 
new package and grease warehouse at 
Port Arthur. The big installation, cover- 
ing some eight acres, required more than 
1300 tons of structural steel. Located on 
the channel and adjoining Gulf’s Port 
Arthur refinery, the warehouse will be 
765 ft by 432 ft, for a total floor space of 
330,480 sq ft. 


H. M. Schudt Named President 


Election of Harold M. Schudt as presi- 
dent, Canadian Allis-Chalmers Limited, 
has been announced by the Allis-Chal- 
mers Manufacturing Company. The gen- 
eral machinery division of the parent 
Allis-Chalmers Company is in charge of 
operations of Canadian Allis-Chalmers 
Limited. In his new capacity Schudt will 
be in charge of operations which include 
general offices in Lachine, Quebec, manu- 
facturing plants at Lachine and St. 
ithomas, Ontario, and sales offices in 
‘Montreal, Toronto, Winnipeg, Calgary 
and Vancouver. 


Chrysler Expands 


Chrysler Corporation’s new “Forward 
Look” extends to the marine and indus- 
trial engine division, according to C. C. 
Williams, vice president. sales. In a re- 
cent address Williams outlined his divi- 
sion’s new development and planning 
program. 

He told his guests at a Los Angeles 
luncheon that the sales and service or- 
ganizations of the Marine and Industrial 
Engine division are being expanded to 
give better coverage in important mar- 
kets, and also announced the availability 
of the Chrysler industrial engine torque 
converter in two different models, with 
provision for tail shaft governors 
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Fiberglas Marketed as Armaglas 


The full line of Fiberglas industrial 
jnsulations made by the Owens-Corning 
Fiberglas Corporation will also be pro- 
duced for the Armstrong Cork Company 
which will market them under the trade 
name, Armaglas. While basically the 
Armaglas products will be the same as 
those marketed by Owens-Corning, the 
firm has agreed to manufacture the Arma- 
glas materials to Armstrong’s specifi- 
cations. 


McMurry-Brown Organized 


E. D. McMurry and Harold L. Brown 
have recently formed McMurry-Brown, 
Inc., an oil tool manufacturing and sales 
organization with headquarters in Hous- 
ton. Initially, the firm is manufacturing a 
complete line of gas lifts, plunger lifts 
and surface controllers. Other items are 
now being developed and will be an- 
nounced later. Sales and service points are 
being established at Oklahoma City, 
Hobbs, Odessa, Abilene, Tyler, Shreve- 
port, Lafayette, Harvey, Victoria and 
Corpus Christi. Both men were vice 
presidents of Garrett Oil Tools before 
forming their present organization. 


Dresser in Dallas Moves 


Dalias, Texas, offices of the Dresser 
Industries, Inc., and Ideco, its drilling 
equipment division, have been moved 
from the Atlantic Building to the new Re- 
public National Bank Building. Ideco of- 
fices are located on the thirty-first floor, 
and Dresser will install its new head- 
quarters on the thirtieth floor. 


Otis Office Opened 


Otis Pressure Control, Inc., has opened 
a district office in Lindsey, Oklahoma, at 
813 West Cherokee Place. Louis Payne 
and Raymond Fitzpatrick are in charge 
of the branch. 


Employees Buy Core Lab 


According to an announcement by 
John D. Wisenbaker, president, a group 
of Core Laboratories, Inc., employees re- 
cently completed the purchase of all re- 
maining stock in the company formerly 
held by Case-Pomeroy, New York. The 
transaction marked the consumation of 
an option agreement made in 1950 when 
51 per cent of Core Lab ownership was 
sold to members of the firm with the re- 
maining interest being made available 
for purchase until 1962. Under the new 
ownership arrangement all operations 
will be under the jurisdiction of em- 
ployees directly engaged in petroleum 
reservoir engineering activities. 


Waukesha Branch Opened 


Waukesha Sales and Service, Inc., has 
opened a new branch in Pampa, Texas, 
to provide better service for customers in 
the Texas Panhandle. Leon Miller is 
manager of the Pampa store and district 
manager of the Texas Panhandle area; 
John D. Pharr is parts manager at the 
store. 


TOTCO Men End Meetings 


Technical Oil Tool Corporation has an- 
nounced the recent completion of the 
company’s annual series of service meet- 
ings for TOTCO field representatives in 
the Mid-Continent area. These meetings 
were held in Houston, Oklahoma City 
and Odessa. The program was designed to 
acquaint the TOTCO field men with new 
practices and procedures of value to users 
of TOTCO instruments and equipment. 
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Trade News 
CRC Partnership Dissolved 


Crutcher-Rolfs-Cummings, Inc., manu- 
facturers and distributors of pipe line 
equipment and supplies, has announced 
the partnership that formed C. R. C. En- 
gineering Company has been dissolved. 
H. E. Fisher, former director of C. R. C. 
Engineering Company is opening an office 
of his own under the name of Pipe Line 
Technologists in Houston and will con- 
tinue in the same line of business formerly 
conducted by C. R. C. Engineering. 
Crutcher-Rolfs-Cummings, Inc. under the 
direction of A. S. Crutcher and Jim Cum- 
mings, will continue to deal exclusively in 
the manufacturing, sale, and rental of pipe 
line equipment. 





Lone Star Holds Party 


Lone Star Steel held its second annual 
Oil Party in May, consisting of a day’s 
outing at its Lone Star, Texas, plant. 
Some 300 leaders in the petroleum indus- 
try saw how oil-country tubular goods 
are made from the ore through to the 
finished product. 

A feature of the occasion was the nam- 
ing of R. E. (Bob) Smith, Houston inde- 
pendent oil operator, as Chief Roughneck. 
E. B. Germany, president of Lone Star, 
presented Smith with a plaque and a 
lapel pin in recognition of rough and 
ready service in the field, and made him 
an honorary life member in the Rough- 
neck’s Club, a new organization to honor 
outstanding oilmen. The group is spon- 
sored by Lone Star Steel. 


Representatives Appointed 


The Power Equipment Company, 
Memphis, Tennessee, has been appointed 
engineering representative in Western 
Tennessee, Northern Mississippi and 
Eastern Arkansas, for Childers Aluminum 
Weatherproof Jacketing. The product 
used for protection of insulated lines, 
vessels and towers is manufactured by 
the Childers Manufacturing Company of 
Houston, Texas. Bob Childers, president 
of the firm, said that the Power Equip- 
ment Company, started in 1941, will 
serve aS engineering consultant and sales 
representative for the above area. 


Rockwell Gives Field Service 


Oil field installations and _ refineries, 
pipe lines, chemical plants and other users 
of Rockwell-Nordstrom plug valves can 
now contract for a comprehensive field 
lubrication and maintenance service un- 
der a plan announced by Rockwell Manu- 
facturing Company’s Meter and Valve 
division. The new service is designed to 
bring lubrication and maintenance serv- 
ice facilities right to “the door” of Rock- 
well-Nordstrom valve users by means of 
specially built trucks, the first units of 
which are already in the field. 


American Iron Sold 


Negotiations have been completed re- 
sulting in the sale of all stock of Ameri- 
can Tron and Machine Works Company 
of Oklahoma City to the American Ma- 
chine and Foundry Company with head- 
quarters in New York City. 


Worthington Divisions Merge 


The Wellsville Works and Steam Tur- 
bine sales division of Worthineton Corpo- 
ration, is being merged and will be known 
as the Steam Turbine division. Arthur F. 
Reinking, manager of the Steam Turibne 
Sales division for the past four years, has 
been appointed general manager of the 
new steam turbine division. 
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ASK 
THE 
ROUSTABOUT 


Good pipe tools mean 
longer service life and 
greater satisfaction on 
every job. Toledo uncon- 
ditionally guarantees 
every pipe wrench it 
makes . . . your assurance 
of maximum service at 
lowest cost. 

Single spring action gives 
quicker, easier setting on 
pipe surfaces. Replaceable 
jaws in every size from 
6” to 48”. Your supplier 
knows and stocks Toledo 
pipe wrenches, pipe cutters, 
pipe threaders and power 
machines. Next time 

try Toledo. 


THE TOLEDO 
PIPE THREADING MACHINE 
COMPANY - 


BUILDERS OF THE WORLD'S FINEST PIPE TOOLS 


PIPE THREADERS + PIPE-WRENCHES + PIPE MACHINES 
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J. H. Raidl 


Lee Kelton 


> John H. Raidl has been named as sales 
manager, West Coast district, of Black, 
Sivalls and Bryson, Inc. Jimmy Lee is dis- 
trict sales manager for BS&B’s newly- 
created Salem Oilfield district. Lee Kelton 
has been appointed manager of Mid-Con- 
tinent Oilfield sales and Ralph Stevens 
manager of Gulf Coast Oilfield sales. 
Benjamin “Bill” Bourne has been ap- 
pointed Oilfield district sales manager for 
the Houston district. John Cross has been 
appointed Oilfield district sales manager 
for the newly-created Alice district. 


>» G. M. Kernahan has been appointed 
sales manager of the Canadian division of 
McCullough Tool Company. Kernahan 
will continue to operate out of McCul- 
louch’s Calgary office, directing and super- 
vising sales operations in Western Can- 
ada. Douglas McGuffin has been ap- 
pointed to the position of sales engineer in 
the Williston Basin area for the same 
company. 

R. D. McClanahan has been named 
branch manager of the new service loca- 
tion at Baker, Montana, of McCullough 
Tool Company. 

N. H. Ottinger has been appointed to 
the recently-created position of division 
logging engineer for McCullough Tool 
Companv’s Mountain division which 
covers Colorado, Montana, North and 
South Dakota, Utah, Wyoming and 
Nebraska. 


> Joseph C. Buerkle has resigned from 
C. Lee Cook Company to set up his own 
firm, the Joseph C. Buerkle Company. 
Offices are at 76 Broad Street, New York 
Citv. New company will represent C. Lee 
Cook in northwestern United States. 


> J. P. Murphy has been transferred from 
the Chicago sales office to the sales de- 
velopment unit of technical service and 
development of Dow Chemical Company 
to handle the sale of titanium. 

R. E. TenHoor has been appointed 
supervisor of a new section of Dow, desig- 
nated as the industrial chemicals section. 


> Ed Styron, a veteran of 20 years sales 
and practical experience in instruments 
and control engineering and the oil in- 
dustry, has joined General Controls Com- 
pany of Glendale, California, as a field 
representative. 


> Dr. Charles H. Kline is manager of the 
newly-created chemical development di- 
vision of Climax Molybdenum Company. 
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Jimmy Lee 





Ralph Stevens John Cross 


> Roy C. Ingersoll, president of Borg- 
Warner, has assumed the title of president 
and chairman of the board following 
action by the directors of the corporation. 


> D. M. Jacks and Dr. W. H. Kirkpatrick 
are new vice presidents of Visco Products 
Company, Inc. 


> Ralph D. Parker has been elected vice 
president, and Walter A. McCadden, 
comptroller, of The International Nickel 
Company of Canada, Limited. 


> U. V. Davis, Boston division credit 
manager of the Esso Standard Oil Com- 
pany, has been elected president of the 
Association of Eastern Petroleum Credit 
Managers. Other officers and directors: 
A. C. Cater, L. B. Morgan, E. A. 
Schramko, vice presidents; C. M. Mathew- 
son, reelected secretary-treasurer; D. R. 
Meredith, assistant secretary. 

Elected to full terms on the board 
were I. A. Keller, and W. S. Morris. 
Elected for a two-year term on the board 
was S. G. Steiner. 


> Richard A. Geuder has been appointed 
assistant general sales manager of the 
Reliance Electric and Engineering Com- 
pany and Edward E. Helm, the company’s 
sales vice president, has been assigned 
the added duties. of coordinator of all 
activities in- merging the efforts of the 
recently acquired Reeves Pulley Com- 
pany division with the other divisions of 
Reliance. 


> Jack N. Yetter has been named sales 
manager, general products division of 
Twin Disc Clutch Company. 


> Dr. Ernest H. Koepf has joined the ad- 
ministrative staff of Core Laboratories, 
Inc. as manager of the company’s research 
and development department. 


Jack Yetter Dr. E. H. Koepf 


>» Lee A. Colbath, formerly an Edwagg 
valve sales engineer in the Chicago area 
has been transferred to the W. E. Bowler 
Company, Edward representative jp 
Philadelphia. 


> John C. Elmburg, formerly manager 
of the Fairbanks, Morse and Company’ 
Portland, Oregon branch, has been named 
assistant general sales manager of the 
company effective July 1. 


>» Carl L. Nickel has been named product 
sales manager, water systems and dealer 
line products, and Norman C. Olsen 
product sales manager, engineered line 
products of Peerless Pump division Ma- 
chinery and Chemical Corporation. 


> Harold R. Ashworth, salesman for 
northern Oklahoma with headquarters inp 
Tulsa, has been assigned to Seminole, 


Oklahoma, as district manaver for the. 


Happy Company. He replaces R. B. “Cot- 
ton” Rundle, who has been promoted to 
city salesman in the Tulsa area. 


>» Douglas McGuffin has been promoted 
to sales engineer in the Williston Basin 
area for McCullough Tool Company in 
Los Angeles. 


> John Thomas is assistant to Admiral 
Wilson D. Leggett, USN, ret., the com- 
pany’s new vice president of engineering, 
ALCO Products, Inc. Thomas will be 
located at ALCO’s engineering head- 
quarters in Schenectady. 


> John Van Wagoner has assumed new 
responsibilities in the advertising depart- 
ment of Wolverine Tube, Division of 
Calumet and Hecla, Inc. 

R. C. Cash, sales representative for 
Wolverine Tube in Tennessee, Mississippi, 
Alabama and Eastern Arkansas, has 
moved his headquarters from Memphis, 
Tennessee, to Birmingham, Alabama. 

C. P. Whitlock has been appointed 
sales representative in Philadelphia, of 
Calumet and Hecla, Inc. He replaces 
John Van Wagoner. 


> James B. Wilcox, executive vice presi- 
dent, and Dante A. Siracusa, vice presi- 
dent and sales manager of the S. R. Bowen 
Company left April 25 on an extended 
business trip through South America. 
Their itinerary includes Mexico, Panama, 
Guatemala, Colombia, Venezuela, Brazil. 
Argentina, Chile, Bolivia, Ecuador and 
Peru. 


>» Robert J. Rice has been appointed sales 
manager for radioactivity well logging 
for the Gulf Coast division of Welex Jet 
Services. 


> Richard C. Johansen has been named 
director of personnel and training of Con- 
tinental Supply Company. He comes to 
Continental from Ford Motor Company. 





Robert Rice R. C. Johanson 
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OK, NOW — WHICH ONE OF YOU GUYS 
BEEN TRYIN’ OUT "SUBSTITUTE “ 
PARTS AGAIN 2// 

















|) time is no joke. Best way to avoid it is to 
insist on genuine CAT* parts every time. Then you're 
sure of getting parts that are made to the latest design, 
precisely manufactured of the right materials, rigidly 
inspected and tested. 


Take filters, for example 


Non-genuine Caterpillar filter elements look like the 
real thing. They'll fit, too. They may even have plastic- 
impregnated elements —but how much surface area do 
they have? Look at the picture below. It shows what a 
genuine Cat surface-type filter is like inside: a plastic- 
impregnated paper element that does not absorb water. 


\A? 


* 
ye 


accordion pleated, for maximum surface area, around a 
perforated metal tube, enclosed in a perforated paper 
cover. This filter will not remove oil additives. It will 
remove abrasive particles as tiny as 39-millionths of an 
inch. A substitute filter —well, who can be sure? 

The difference on the job: working in heavy dust, even 
in mud and water, genuine Cat filters — matched to the re- 
quirements of Caterpillar Diesel Engines — will keep these 
engines running longer, will keep maintenance costs low. 

With substitute parts: who can be sure? 

Better get genuine Caterpillar parts every time. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 
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CATERPILLAR 
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To obtain more information on products advertised see Page E-43 


*Both Cat and Caterpillar are registered trademarks—@® 
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Hosts for open house at the new research headquarters, The Fluor Corporation, Whit- 
tier, California, were J. C. Fluor, president; W. R. Hainsworth, vice president, research; 
F. E. Fischer, secretary-treasurer; C. L. Blohm, manager research; M. A. Ellsworth, vice 
president and director of sales; J. R. Fluor, executive vice president. 


> John C. Scowcroft has been appointed 
manager of the product research depart- 
ment in the sales division of Sherman 
Products, Inc. 


> Charles E. Meluney, Jr., has been ap- 
pointed Houston, Texas, district sales 
manager for the electrical wire and cable 
division of John A. Roebling’s Sons Cor- 
poration. 


> W. Sidney Park, president of Park 
Aerial Surveys, Louisville, Kentucky, was 
elected president of the American Society 
of Photogrammetry at its 21st annual 
mecting in Washington, D. C. William C. 
Cude, chief of the topographic engineer- 
ing department at the Engineering Re- 
search & Development Laboratories at 
Ft. Belvoir, Virginia, was chosen first 
vice president and Kenneth E. Reynolds, 
manager of the defense contracts depart- 
ment of Bausch & Lomb Optical Com- 
pany, Rochester, New York, second vice 
president. 


> Thomas A. Collins has been elected 
vice president and assistant general man- 
ager of the newly-formed L.O.F. Glass 
Fibers Company. He is also a director of 
the company. 

Francis H. May, Jr., is vice president, 
secretary and treasurer of the new com- 
pany. J. M. Johns is vice president and 
director of sales. Joseph S. Finger is vice 
president and general manager of the Cor- 
rulux division. Raymond W. Capaul is 
vice president and sales manager of the 
general products division. Clinton F. Hegg 
is vice president and sales manager of the 
textile division. Dominick Labino is vice 
president in charge of glass research and 
new product development. John A. Mor- 
gan is vice president and general manager 
of the western division. Jesse H. Plummer 
is vice president in charge of manufactur- 
ing, engineering, and development. 


> Leon Hendrickson has joined Oil Base, 
Inc., as a sales engineer to service the 
Permian Basin. Pete Petross, who died re- 
cently in a highway accident near Odessa, 
Texas, formerly held the job. 

Gene Towle, Apartado 7506, Mexico, 
D. F., has been appointed the sole Mexico 
representative for the entire line of Oil 
Base, Inc. 


> John Herbert Ahrens, assistant district 
engineer machinery and equipment sales 
and service, has transferred from Casper, 
Wyoming, to Ft. Morgan, Colorado, for 
U. S. Steel’s Oil Well Supply division. 
Harold S. Tipton, field representative 
for “Oilwell” has been transferred from 
McCamey, Texas, to Odessa, Texas. 
Charles B. Dietrich has been named 
field representative at Ventura, California. 
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> J. P. Stewart, president of the De Laval 
Steam Turbine Company, was elected a 
board member of the National Industrial 
Conference Board at the board’s 156th 
meeting. 


> L. L. Fusby has been appointed produc- 
tion manager for Pacific Coast Borax 
Company, division of Borax Consolidated, 
Limited. 

W. J. Diffley has been appointed super- 
intendent of the Boron operations. Dr. D. 
S. Taylor has been appointed director of 
industrial research. 


> Arthur F. White has been appointed 
Detroit district manager in charge of di- 
rect factory sales for the Axelson lathe 
and milling machine division of Axelson 
Manufacturing Company. 

Leroy Manning, Leland Kulzer, Roy 
Grigsby and Joe Fitts have been named 
factory representatives for the Mid-Conti- 
nent division. 


> John M. Maitland has been named 
manager of the Detroit district office of 
The Bristol Company, Waterbury, Con- 
necticut. 


>» Ross B. Baze, has been named sales 
manager of Delta Tank Manufacturing 
Company’s oil field equipment and spe- 
cial order products division. 

Russell A. Gasal has been named gen- 
eral manager of Delta’s Beardstown, IIli- 
nois, plant. John T. Nesser has been 
named sales manager of the firm’s lique- 
fied petroleum gas equipment division. 


> Dr. J. L. McCurdy has been promoted 
to assistant manager of The Dow Chem- 
ical Company’s plastics production de- 
partment. Daniel W. Ryan was promoted 
from production superintendent to man- 
ager of the Torrance, California, plant to 
succeed McCurdy. 

Louis E. Tallman has been named head 
of the western section of Plastics Tech- 
nical Service. E. E. (Mike) Merrill has 
been appointed to a new post as head of 
the eastern section of PTS. Orwin G. Max- 
son has been named to assist Tallman in 
the western section. 


> Richard H. Koehler has been appointed 
director of advertising and publicity for 
Westinghouse Air Brake Company. 


> W. C. (Bill) Talbert, Jr., has been ap- 
pointed field service engineer for Mission 
Manufacturing Company. 


> Darrell Smith has been named manager 
of the Dallas, Texas, district office of Joy 
Manufacturing Company. He succeeded 
J. A. Noyes, retired. 
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> Dr. Hyman Chessin has been appointeg 
assistant director of research and develop. 
ment for the Van der Horst Corporation, 
Olean, New York. 


> F. E. “Jim” Farley has joined the sales 
staff of Master Tank & Welding Company, 
Dallas, Texas. 


> Raymond F. Keller, general manager 
of Canadian operations, has been ap- 
pointed a vice president of General Geo. 
physical Company. 


> William L. Davies has been named as- 
sistant to Walter C. Robertson, vice presi- 
dent of Gar Wood Industries, Inc., New 
York. 


>» Kenneth A. DeLonge has been placed 
in charge of the iron and non-ferrous cast- 
ings section of the development and re- 
search division of The International 
Nickel Company, Inc. 


>» Craig Mays has been promoted to dis- 
trict sales manager in the Permian Basin, 
by the Baash-Ross Tool Company division 
of Joy Manufacturing Company. 


> B. G. Van Zee, chief engineer, automo- 
tive engineering division Minneapolis-Mo- 
line Company of Minneapolis has been 
elected president of the Internal Combus- 
tion Engine Institute, representing manu- 
facturers in the high-speed gasoline and 
diesel engine fields. Other officers are: vice 
president, E. Don Tull, Cummins Engine 
Company, Inc.; secretary, H. W. Smith, 
Caterpillar Tractor Company, and treas- 
urer, Phil Norton, Wisconsin Motor Cor- 
poration. J. E. Heuser, LeRoi division, 
Westinghouse Air Brake Company, was 
elected to the board of directors. 


>» M. J. Ross has been named manager, 
export trade, for Quaker Rubber Corpo- 
ration and The Watson-Stillman Com- 
pany divisions of H. K. Porter Company, 
Inc. 


>» Edmund K. Nock has been named 
superintendent of land sales of General 
Electric Company’s Medium Steam Tur- 
bine, Generator and Gear department. 


>» Michael E. Conway has been ap- 
pointed advertising manager of Enter- 
prise Engine and Machinery Company, 
subsidiary of General Metals Corporation. 
Robert M. Pearson is new field sales man- 
ager for the company. 


» J. D. Crell has been named sales engi- 
neer for the New York City Sales district 
of Graver Water Conditioning Company. 


>» L. M. Keating and T. H. Creden have 
been elected directors of the A. O. Smith 
Corporation. Keating is Southwest re- 
gional manager and Creden is general 
sales manager for tubular products for 
the company. 


> H. L. Stockdale has been appointed to 
the presidency of the Insul-Mastic Corpo- 
ration of America. He succeeds Clifford 
Off. Executive and sales offices have been 
moved to the plant office at Summit, 
Illinois. 


> E. O. Vetter is new vice president, ad- 
ministration, Geophysical Service Inc. He 
was formerly assistant vice president 1n 
charge of the administrative division of 
the Dallas geophysical contracting firm. 
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» H. M. Thomas, has been named gen- 
eral superintendent of the new pipe mill 
of U. S. Steel’s Consolidated Western 
Steel division. He has been assistant super- 
intendent of construction since start of 
work on the project. W. E. Fogerson, who 
has been superintendent of construction, 
has been transferred to another of Con- 
solidated Western’s projects. 

U. S. Steel’s Oil Well Supply division, 
Garland, Texas, has Robert F. Smalley 
as manager, production, control and pur- 
chasing; John R. Wilde is manager of the 
Pampa, Texas, store; Ivan R. Biauser, Jr., 
js assistant district engineer at, Parkers- 
burg, West Virginia; Jack M. Lucey is 
area Manager, production equipment 
sales, of the Rocky Mountain area, and 
John M. Rohrig is new held representa- 
tive at Huntington Beach, California. 


» Louis Q. Webber, plant manager of the 
Martin-Decker Corporation of Long 
Beach, California, is on a trip through 
the Middle East where he is visiting the 
active drilling areas in Saudi Arabia, 
Kuwait, Qatar, lrag, and Egypt. He will 
probably return by way of Europe some- 
time in July. 

E. L. Decker, president of the company 
sailed on the Liberte May 26 to attend the 
International Petroleum Congress in 
Kome. 


» A. H. Miller, vice president of Emsco 
Manutacturing Company has been named 
general manager ot Johnston Pump Com- 
pany which Emsco acquired on January 
ii. 


> The Continental Supply Company has 
announced the tollowing changes in per- 
sonnel. Udus C, Tubbs has been named 
district manager, Oklahoma district. Tom 
H. Fraser has assumed Tubbs’ former po- 
sition. J. E. Gaiman is now North Texas 
district manager. R. L. (Bob) Pebworth is 
manager of a new West Texas district, 
with stores at San Angelo, Post, Snyder 
and Abilene. 


> Shepherd Stigman has been promoted 
to assistant director of personnel and pub- 
lic relations for Foster D. Snell, Inc. _ 
James Corbett was named chemist- 
pathologist in the bacteriology and toxi- 
cology department. Murray £. Ferencz 
and Morris Giazer have been appointed 
chemists in the surface chemistry depart- 
ment. Sidney Gottfried is a chemist in the 
product development department and will 
specialize in paints and varnishes. 


> Walter H. Olin has been appointed sales 
representative in the Rocky Mountain 
area for Wolverine Tube, division of Calu- 
met & Hecla, Inc. 

Mel Jackson has been appointed sales 
representative in the northwestern part of 
Indiana and the south side of Chicago and 
immediately adjacent suburbs. 


> Edwin T. Goree has been appointed 
assistant sales manager, Excavator Dis- 
tributors, for Bucyrus-Erie Company. 
Goree will assist R. C. Adams who was 
recently named sales manager of Bucyrus- 
Erie’s widespread distributor, following 
promotion of L. E. MacDonald to general 
sales manager. 


> Werner G. Wassmandorf has been ap- 
pointed to manage the reciprocating com- 
pressor sales department of The Trane 
Company. Lloyd E. Eater is manager of 
the fluid cooler sales department; and 
Wilford R. Barnard has been named head 
of the UniTrane sales department. 








J. W. McCormick 


> Pacific Pumps, Inc., Huntington Park, 
California, has opened a Philadelphia 
district office, with J. J. Coffey as dis- 
trict manager. The Philadelphia office is 
located at 1612 Market Street. J. W. Me- 
Cormick has been appointed New York 
district manager of Pacific Pumps. 





R. S. Durkee W. D. Miller 


> Earl Englert has been appointed mana- 
ger of catalyst sales for the gas processes 
division of The Girdler Company, a divi- 
sion of the National Cylinder Gas 
Company. 


» Appointment of Lee S. Cline as assist- 
ant vice president—production of U. S. 
Steel’s Consolidated Western Steel division 
has been announced. 


> J. H. Loomis has been appointed mana- 
ger of Worthington Corporation’s St. 
Louis office. Previously, he was general 
line salesman and compressor specialist at 
the company’s Chicago district office. 


> John W. Tucker has joined the field 
sales staff of Cummins Engine Company, 
Inc., as a regional representative, with 
headquarters in Los Angeles, California. 
Loyd E. Williams has been named mana- 
ger-distribution, for the company. 


>» Roger W. Robinson has been appointed 
sales manager for Clark Equipment Com- 
pany’s transmission division. He will 
make his headquarters at the company’s 
transmission plant in Jackson, Michigan. 


>» U. S. Steel Corporation announces the 
following appointments: Burley N. Pedigo 
as field representative at New Iberia, 
Louisiana; James Anthony Groves as 
field representative at Swift Current, Sas- 
katchewan, Canada; Joseph Harry Young 
as field representative at Virden, Mani- 
toba, Canada; Victor H. Blott as store 
manager for “Oilwell” at Victoria, Texas; 
Calvin Reed McAffee as store manager of 
Huntington Beach, California; John S. 
Purvis to the Gulf Coast area organi- 
zation; William E. Lennard as city repre- 
sentative, Los Angeles, California; R. P. 
Mitchell as field representative at Albany, 
Texas, and transfer of Elmer E. Stanley, 
field representative for U. S. Steel’s Oil 
Well Supply division, from Duncan, Ok- 
lahoma, to Healdton, Oklahoma. 
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> H. S. (Bud) Schuler has joined the 
Beckman division of Beckman Instru- 
ments, Inc., Fullerton, California, as ad 
vertising and sales promotion manager. 





> James L. Emerson has been named to 
fill the newly-created post of assistant to 
the manager of Chiksan Company’s sales 
development department under E. N., 
Thomas. Albert E. “Dutch” Plomp has 
joined Chiksan of Canada Ltd. as a senior 
salesman. 


> H. P. Boncher and W. D. Miller are 
new operating vice presidents of Dresser 
Industries. Boncher will be succeeded in 
his position as general manager of 


Dresser Manufacturing division by F. G. 
Fabian, Jr. Rodney S. Durkee is a new 
member of board of directors and execu 
tive committee of Dresser Industries. 





H. P. Boncher F. G. Fabian, Jr 


>» James H. Curtis has been elected vice 
president of The Lummus Company. He 
was formerly assistant to the president. 
D. R. Breien, company treasurer, was 
elected secretary and treasurer; Mario J. 
Marchicne, assistant treasurer was elected 
assistant secretary and assistant treasurer; 
and Theedore F. Brophy, company coun 
sel, was made assistant secretary. 


> Bob Willis, Sr., president of the Willis 
Oil Tool and Creighton Oil Tool com- 
panies, is on a South American tour to 
set up distributorships for Willis chokes 
and fluid control valves. 





Bob Willis, Sr. 


Don Vandenberg 


>» Don Vanderberg, sales manager of 
Fluid Packed Pump Company is making 
an extended trip through South America 
in the interest of Oilmaster Pump Special- 
ties. Vandenberg will meet with Fluid 
Packed Pump Company Exporting Dis 
tributors, The Natural Supply Company 
of Venezuela, confer with their person 
nel and visit oil fields and field stores 


> Robert Duff Clark has joined Page Oil 
Tools, Inc., as chief engineer in its Long 
Beach, California plant. 


>» Roy Woodside has been appointed vice 
president of Dunham Tanks in charge of 
the Texas Gulf Coast division. 
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HERE are several sets of typical before and after 
coupon test figures in wells now getting Visco 
Anti-Corrosion Treatment. Estimate the tons of well 
equipment metal saved by Visco Treatment, and you 
get an idea of the dollars saved in labor and replacement 
costs... 


Well Maximum Weight Loss—Mils/year 
Before Visco With Visco 
1. 11.00* 0.02 
2. 4.90 0.40 
3. 8.10* 0.86 
4. 7.50 0.08 
5. 16.00* 1.30 


* These wells receiving “anti-corrosion” treatment. Replaced by Visco. 


1 mil= .091 inch. A corrosion rate of 216 mils per year means that the 
corrosive attack, if uniform, would have corroded away the entire 
surface of the metal to a depth of .216 inches in a year. However, the 
real dcnger of high corrosion rates, as the coupon shows, is the much 
deeper and faster penetration occurring at localized areas. 
These are not super-success figures. Chances are high 
that Visco can equal or better these results in your wells. 
Phone, Houston, MAdison 0433, collect, or write for 


positive Visco action today. 


VISCO PRODUCTS COMPANY 


Incorporated 
2600 Nottingham at Kirby ©@® 
o ® 





Houston 5, Texas 


E-42 To obtain more information on products advertised see Page E-43 
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@ Machinery 
@ Supplies 
@ Services 


(1) POWER UNITS 


International Harvester Company in- 
troduces its U-282 carbureted power unit 
which runs on either gasoline or natural 
as. The six-cylinder, valve-in-head en- 
gine has a 6.5 to 1 compression ratio. 
Construction includes counter-balanced 
crankshaft, four precision, replaceable 
bearings, T-slot aluminum alloy pistons, 
heavy industrial flywheel and torsional 
vibration damper. Exhaust valves are 
rotated slowly so they seat at different 
points on the valve seat insert. 


Circle number (1) on reply card. 


(2) WORM GEAR REDUCER 


Philadelphia Gear Works has produced 
Steeple Type Worm Gear Reducer for 
long unsupported vertical output shaft 
extrusions which it claims has been suc- 





cessfully used in a wide variety of ap- 
plications. The “Steeple Feature” can be 
mounted on standard types of Philadel- 
phia Vertical Worm Gear Units without 
major modifications to the basic gear 
unit. 


Circle number (2) on reply card. 


(3) MICROWAVE EQUIPMENT 


Raytheon Manufacturing Company has 
developed two-way microwave communi- 
cations equipment, Raytheon TCR-12A, 
for the pipe line industry. Emphasis is on 
mobility and adaptability for changes in 
pipe line distribution systems for both 
permanent and temporary type installa- 
tion. 


Circle number (3) on reply card. 


(4) ELECTRONIC TESTER 


_ Simpson Electric Company is market- 
ing a portable temperature tester with 
readings from —S50 F through 1000 F. 
This electronic tester called the “Therm- 
O-Meter,” is designed to measure gases, 
solutions, or solids on one 7-in. scale. 


Circle number (4) on reply card. 


For more information on items described 
here in brief, use the handy reply card 
and circle the corresponding numbers 


(5) ANGLE COMPRESSOR 


Pennsylvania Pump and Compressor 
Company is marketing a duplex com- 
pressor designated Class HAE, two-stage, 
heavy-duty, water-cooled, angle type ma- 
chine. Its outstanding features include: 
compact, portable, streamlined; flexibil- 
ity of installation; air-cushion valves, and 
full pressure lubrication. 


Circle number (5) on reply card. 


(6) PORTABLE RIG 


Special portable rigs have been devel- 
oped by Exploration Equipment Com- 
pany. Model 50 can be used for seismo- 
graphic exploration for depths under 100 
ft and is provided with a special cat haul 
to permit power lifting of Kelly tools and 
drill pipes. It is powered by a K160 en- 
gine manufactured by Kohler Company. 


Circle number (6) on reply card. 


(7) UTILITY CRANE 


Link-Belt Speeder Corporation has in- 
troduced a self-propelled, one-man oper- 
ated, rubber-tired utility crane which it 
says offers unique advantages previously 
unknown to utility cranes. Designated as 
the UC-68, with 15-tons lifting capacity, 
it is designed for mobile work in such in- 
stallations as public utility plants, refin- 
eries, and related fields. 


Circle number (7) on reply card. 


(8) CHEMICAL PROCESS PUMPS 


The Duriron Company introduces 
Series H Durcopumps, a line of heavy 
duty chemical process pumps designed for 
continuous operation. These pumps are 
built for high heads and low capacities as 
well as routine transfer services. Durco- 
pumps are said to be simple, sturdy, and 
versatile. 


Circle number (8) on reply card. 


(9) INSTRUMENT HARNESS 


Dekoron Products division of Samuel 
Moore and Company presents a corro- 
sion-proof, multiple-line intrument har- 
ness of “ribbon” construction called 
Dekoron “M” Ribbon. It is in production 
and available for short term delivery. 
Construction enables one or more indi- 
vidual tubes, or group of tubes, to be 
stripped from the ribbon without tools 
and without destroying the protective 
coating. 

Circle number (9) on reply card. 


(10) LIQUID GAGE 


A new, heavy duty magnetic liquid 
level gage, the Criterion, designed for the 
LP gas and anhydrous ammonia industry, 
is announced by Rochester Manufactur- 
ing Company. Simple modifications of 
the Criterion LP gas gage make them 
available for ICC vertical cylinders, hori- 
zontal cylindrical tanks and spheres, for 
above or below ground service. 

Criterion snap-on dials are the same 
size for both junior and senior models. 
Dials are hermetically sealed. 


Circle number (10) on reply card. 
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(11) CONTROL UNIT 


A remote monitor and control unit fo 
unattended pump stations is being pro 
duced by Nelson Electric Manufacturing 
Company. Unit provides a method where 
by a pipe line dispatcher, by use of exist 
ing telephone facilities, may make audible 
contact with a pumping station to deter 
mine the operating status of the pumping 
unit. By use of the monitor and control 
unit the dispatcher may also start or stop 
the pump motor. The unit can be installed 
on present telephone lines and may be 
used for up to 125 stations on one pair of 
telephone lines. 


Circle number (11) on reply card. 


(12) TWO-WAY RADIO 


A standard super-power two-way radio 
unit for extended communication range 
has been developed by the General Elec 
tric Company. The radio is said to be ca 
pable of transmitting up to a 110-watt 
signal. 

Circle number (12) on reply card. 


(13) TUBING BLOCK HOOK 


Guiberson Corporation presents a 
streamlined, unitized tubing block and 
hook combination that it says falls fast, 
will not foul up and carries loads in per 
fect balance. This block and hook com 
bination is within API specifications on 


THE GUIBERSON CORP 
DALLAS FEKAS 
MADE TH USA 


2 e 


every count. Heavy duty anti-friction 
bearings with individual lubrication are 
used throughout. Approximate weight is 
2730 lb or 2280 Ib with cast steel sheaves 


Circle number (13) on reply card. 
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New Equipment 
(14) DIAMOND BITS 


A new line of diamond coring bits has 
been announced by Hycalog, Inc. Bits 
afford exceptional fluid relief and in- 
creased rate of penetration. Manufactured 
in a new division of the Hycalog plant, 
the bits are available in a variety of 
models and sizes to meet the requirements 
of any diamond coring program. 


Circle number (14) on reply card. 


(15) MILLIVOLT INDICATOR 


Beckman and Whitley, Inc., has seven 
ranges, covering values from 0.25 to 25 
millivolts in a new portable indicating in- 
strument. Combination of laboratory pre- 
cision with ruggedness has been the ob- 
jective of this unit. Specific uses include 
those associated with thermal radiom- 
eters, heat-flow transducers, surface-tem- 
perature explorations, and the checking of 
recording potentiometers. 


Circle number (15) on reply card. 


(16) GENERATORS 


Girdler introduces generators to pro- 
duce hydrogen sulfide for metallurgical 
and other uses from hydrogen and sulfur. 
Process comprises continuous reaction of 
hydrogen with sulfur at elevated tempera- 
ture and pressure, recovery of the heat of 
reaction by heat exchange, and final sul- 
fur removal from the hydrogen sulfide by 
cooling to the point that sulfur vapors are 
frozen out in alternating exchangers. 


Circle number (16) on reply card. 


(17) ALLOY WIRES 


A new line of tubular fabricated alloy 
wires for open arc application through 
standard semi-automatic welders is an- 
nounced by Stoody Company. Depositing 
7 to 15 lb of hard metal an hour, this 
‘**material-and-method”’ combination 
makes a welding speed two or three times 
that of the manual process possible. 

Circle number (17) on reply card. 





(18) DRY CEMENT TRANSFER 


Halliburton Oil Well Cementing Com- 
pany is using Worthington air compres- 
sors to transfer dry cement from trailer- 
mounted tanks to mixers for cementing 
oil wells. The compressor is mounted be- 
hind the cab of a semi-trailer truck and 
driven by V-belts from a power take-off. 
These truck-mounted units are sent to 
various parts of the United States where 
Halliburton has oil field service facilities. 


Circle number (18) on reply card. 





(19) DROTT MATERIAL handling 
rack lifts an 8000-lb International TD-6 
crawler. Rack is mounted on International 
TD-18A. 


Circle number (19) on reply card. 
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(20) BOTTOM HOLE PLUG 


The Cavins Company has introduced 
an improved bottom hole indicating plug. 
Its purpose is to give an immediate and 
definite indication to the well clean-out 
crew that the well bottom has been 
reached. Of a cement-like material im- 
pregnated with a bright yellow pigment, it 
is easily distinguishable from the mate- 
rial that is being cleaned out. 

Circle number (20) on reply card. 


(21) ELECTRIC MOTORS 

Louis Allis Company has ready a sim- 
plified motor stocking with the new L. A. 
line of electric explosion-proof motors. 
Underwriters’ approval has been received 
for these units. Stocking problems are 
greatly reduced because a single motor 
can be used for most hazardous locations, 
company says. 

Circle number (21) on reply card. 


(22) EXHAUST SILENCER 

Burgess-Manning has developed a new 
line of acoustic discharge silencers with a 
snubbing principle designed to eliminate 
high and low frequency noises caused 
from gas, steam and air operated equip- 
ment. These silencers mount on the ex- 
haust of steam vents, gas turbines, hog- 
ging jets, evacuating ejectors, etc., and re- 
duce the sharp, noise producing impulses 
of discharging gases to an even, constant 
noiseless flow. A complete range of 
models will be offered in standard 8 to 
30 in. pipe sizes. Special sizes may be en- 
gineered to specific applications. 

Circle number (22) on reply card. 


(23) ENGINE CONTROL UNIT 


Amot Controls Corporation announces 
Amot Model 1476-47 safety control 
made to shut down any internal combus- 
tion engine on high jacket water tem- 
perature or low lubricating oil pressure. 
The control has a built-in valve which is 
tripped by high water temperature or low 
oil pressure. On liquid fuel engines, the 
control will shut off the fuel supply when 
tripped. On natural gas engines, the con- 
trol is used for operating a pneumatically 
operated gas shut-off valve. One feature 
of the Amot control is that ordinary cop- 
per tubing can be used, thus making re- 
pairs easy. 

Circle number (23) on reply card. 


(24) MAGNETIC STARTER 

A new NEMA size 4 vertical lift mag- 
netic starter, 40 per cent smaller than pre- 
vious models of the same size, has been 
announced by the General Electric Com- 
pany’s general purpose control depart- 
ment. Designed for motors of up to 100- 
hp rating, the new starter is the same size 
and has the same mounting dimensions 
as the size 3 model, according to company 
engineers. 

Circle number (24) on reply card. 


(25) PLASTIC TUBES 


Crane Packing Company introduces a 
plastic lead seal polyvinyl tube which 
provides an easy method for applying the 
compound to threaded connections and 
other surfaces to eliminate waste. Tube is 
made from tough polyvinyl plastic which 
company says will not crack at the seams 
or separate at the bottom crimp. 

Circle number (25) on reply card. 


(26) SPRAYING DEVICE 
Spang-Chalfant division of The Ng. 

tional Supply Company has introduced 

spraying machinery developed to apply 





plastic quickly and evenly inside drill 
pipe and oil well tubing, and gas-fired 
ovens in which the coating is baked on 
the pipe. Each tube is given 8 passes by 
the spray lances, and is baked after each 
pass. Two coats of plastic are applied at 
each pass. 
Circle number (26) on reply card. 


(27) MOTOR PUMPS 
Westinghouse Electric Corporation in- 
troduces hermetically sealed motor- 
pumps that will handle radioactive water 
with zero leakage in capacities from 5 to 
17,000 gpm. These pumps are said to pro- 
vide a convenient means of pumping 
water—and many other fluids—at system 
pressures up to 2500 psi and temperatures 
as high as 650 F. Special designs are avail- 
able for handling liquid metal at even 
higher temperatures and higher pressures. 


Circle number (27) on reply card. 


(28) CLEARING UNIT 


Homelite Corporation announces a 
low-cost attachment to convert its Model 
17 chain saw into an all-purpose clearing 
unit. The clearing attachment is said to 
be ideal for use by pipe line companies. 
Simple to operate it permits one man to 
do the work of a whole gang. 


Circle number (28) on reply card. 


(29) WATER PURIFIER 

Rogers Geophysical Company an- 
nounces its water purifier for foreign field 
crews. In isolated locations, pure drink- 
ing water is always a problem. With this 
equipment Rogers crews can now convert 
river, pond or salt water into drinkable 
water at the rate of 48 gal per hour. 


Circle number (29) on reply card. 


(30) PIPE LINE SAMPLER 

A new automatic pipe line sampler de- 
signed for extracting more accurate line 
samples of crude oil, fuel oil, gasoline 
and most other liquids has been an- 
nounced by Gilbert & Barker Manufac- 
turing Company. The sampler extracts 
many minute samples (300 per minute if 
desired), thus the composite accumulated 
is representative of the constituent flow. 
The Gilbarco sampler can be supplied 
with control proportional either to time 
or to flow. Pressure up to 350 psi and 
temperatures to 200 F can be handled 
by standard models. Special models are 
available for higher pressures and 350 F. 

Circle number (30) on reply card. 
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(31) CENTRIFUGE 


A new model, hand-driven centrifuge 
for determining basic sediment and water 
in crude oil has been announced by W. 
H. Curtin & Company. Known as the 
Series 53, the new centrifuge incor- 
porates many new features, including a 
weight reduction of approximately one- 
third. Curtin engineers say the new 
machine meets a long-felt need of gagers 
for a lightweight, heavy-duty type machine 
for field use. 


Circle number (31) on reply card. 


(32) DRILLING MUD 


The Crossett Chemical Company has 
recently marketed a Seeco-Mul drilling 
mud emulsifying agent which company 
officials say has reduced mud costs and 
rig time by as much as one-half over 
ordinary muds, Seeco-Mul is a dry, pow- 
dered compound of abietic, linoleic, and 
oleic acids, wood tannins, and lignins. 


Circle number (32) on reply card. 


(33) GOOSENECK TRAILER 


A “powerized” gooseneck trailer that 
can be loaded or unloaded by one man, 
without skids, has been announced by 
LaCrosse Trailer Corporation. Designed 
especially for moving heavy loads in con- 
gested areas, or where low overhead clear- 
ance is a problem, the new trailer com- 
bines low carrying height with an arrange- 
ment that permits disconnecting the 
gooseneck automatically from the rest of 
the trailer. 


Circle number (33) on reply card. 


(34) NELSON MOTOR STARTER 


An oil well pumping control unit has 
been introduced by the Nelson Electric 
Manufacturing Company. The unit incor- 
porates many exclusive features such as a 
plug-in time switch, plug-in undervoltage 
relay, plug-in undervoltage relay with se- 
quence starting, plug-in start-stop push 
button station and space for a meter 
socket or test device. 


Circle number (34) on reply card. 


(35) VOLT-AMMETER 


A lightweight, pocket-size clamp volt- 
ammeter, with a single, easily read scale 
for all ranges and functions, and employ- 
ing a special shock-mounted instrument 
movement, has been introduced by the 
Weston Electrical Instrument Corpora- 
tion. Known as model 749, this instru- 
ment incorporates the Weston COR- 
MAGR self-shielded mechanism with 
spring-backed jewels. 


Circle number (35) on reply card. 


(36) NEOCOR SERIES 


The Corrosion Control Company, Inc., 
has introduced a new line of chemical- 
resistant coatings and linings for plant 
maintenance. Called NEOCOR C-10 and 
NEOCOR HD Series, both neoprene- 
based series are said to be effective pro- 
tection against many corrosive reagents as 
well as Over a wide temperature range. 


Circle number (36) on reply card. 


(37) GAGE LIGHTING 

_ Liquid level page lighting with rede- 
Signed and improved gage illuminators 
have been announced by Jerguson Gage 
& Valve Company. These illuminators 
are designed to give an even diffusion of 
light over the entire length of the gage 
glass with no glare spots or blinding areas. 


Circle number (37) on reply card. 
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New Equipment 
(38) TRANSFORMER 


A new five-kv current transformer 
(Type SM-5) molded in silicone is avail- 
able from the Westinghouse Electric Cor- 
poration. Designed for indoor metering 
and relaying applications it is built in 
standard current ratings from 10 to 800 
amperes. The transformer has a rating 
factor of 1.5 and is in the 0.3 accuracy 
class for all metering burdens. It meets 
all ASA and NEMA standards. 


Circle number (38) on reply card. 





(39) DUO-PLY WINDINGS 


Duo-ply roll windings, which allow in- 
creased production, have been added to 
the line of Du Pont’s Seismo-Writ, Lino- 
Writ, and high speed Lino-Writ photo 
recording papers, the company’s photo 
products department has announced. 
Used for making two copies of oscillo- 
graphic traces with a single exposure, Du 
Pont duo-ply rolls consist of extra thin, 
ledger-weight surface “W” paper inter- 
wound with standard document weight 
surface “B.” 


Circle number (39) on reply card. 


(40) HYDROMETER CASE 


A new spark-proof triple hydometer 
case weighing less than 1% lb is being 
offered by W. L. Walker Company. Made 
entirely of welded sheet aluminum, the 
case is 40 per cent lighter than previous 
models. Hydrometers lie below the top 
edge of these cases and are protected with 
wool felt lining. The case is equipped 
with a Walker Safety Latch. 


Circle number (40) on reply card. 


(41) M-3 GUNS, BULLETS 


McCullough Tool Company has de- 
veloped a new deeper penetrating Ogival 
Bullet; a redesigned, more effective pres- 
sure seal; and further refinements in the 
firing chamber design of its M-3 bullet 
perforators. The improved M-3 Guns fir- 
ing the bullets have shown an increase in 
penetrating ability of 50 to 75 per cent 
over results previously obtained. 


Circle number (41) on reply card. 


(42) DIESEL CRAWLER 


Allis-Chalmers has announced its sec- 
ond new crawler tractor this year, the 31,- 
500 Ib HD-16, available with torque con- 
verter drive and standard transmission. 
This model follows the 44,000 lb HD-21 
tractor and the TS-360 motor scraper 
announced earlier. The HD-16 has the 
new Allis-Chalmers 6-cylinder, 844 cu 
in. diesel engine that develops 150 net en- 
gine hp at 1800 rpm with torque converter 
and 140 net engine hp at 1600 rpm with 
standard transmission. 


Circle number (42) on reply card. 


(43) TANK GAGE 


A fully automatic tank gage that pro- 
vides increased gaging accuracy has been 
announced by Shand & Jurs Company. 
Designated by S&J as Fig. ST-8000, this 
new gage incorporates a Neg’ator motor 
replacing the counterweight and cable 
assembly. It is reported that the use of the 
Neg’ator motor materially reduces fric- 
tion, compensates for tape pay-out and 
reeling in, maintains constant tape ten- 
sion, and is ideally suited for greater ac- 
curacy throughout long float travel in 
tanks up to 65 ft in height. 








GOING FISHING? .. CALL YOUR FRIEND! 


© Competent Operators 

® Rotary Fishing Tool Service 

® Spang Cable Tools ® Drill Pipe 

® Blow Out Preventers ® Rentals 

® Complete Oil Field Machine Shop 


SPANG ROPE KNIFE 


KCME'S McAFEE SWIVEL 
Sizes for 23%” tubing to 85%” 
casing. Call numbers below! 


fo] 4@U \ fe) Fahad 
Phone MElrose 77-2426 











Circle number (43) on reply card. 
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Eliminate Costly 
PARAFFIN Removal! 
Methods with... 


HOLDS PARAFFIN 
IN SUSPENSION 
“3%, from 
FORMATION to REFINERY 


BRAKESOL , is ECONOMICAL, prevents 
or removes Paraffin-from the tubing, 
flow lines, tank bottoms and pipe lines. 
Effective on both asphalt and mixed 





base paraffin. 


BRAKESOL is 
SAFE, won't harm 
skin; fire hazard 
is minimized. 
Sold only through 
supply stores. 
Complete service 
supplied by our 
Sales Engineers. 
Contact your local 
supply store. 


WRITE FOR FREE 
DESCRIPTIVE FOLDER 


BRAKESOL, Inc. 


P. O. Box 9506 Oklahoma City, Okla. 
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This Johnston Pump is one 
of the many popular and 
dependable Johnston Models. 
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7) 
JOHNSTO 


TURBINE PUMPS 





C) Send Bulletins 


with a 


JOHNSTON 


UNIT-LINE 


SUMP PUMP 


—easy to install 
—economical to operate 


a of multi-stage 
and centrifugal diffusion vane 
construction with balanced 
hydraulic forces, the Johnston 
Unit-Line Sump Pump is the 
only sump pump that can pump 
up to 350 ft. of head—2//, to 
31/, times that of ordinary sump 
pumps. Only Johnston makes a 
packing-less and seal-less Unit- 
Line Sump Pump. 


Designed by the engineers 
who invented and developed 
the vitreous enameled bowl, 
Johnston Pumps are backed by 
half a century of experience 
and knowhow as one of the 
world’s leading manufacturers 
of vertical turbine pumps. 


Mail coupon today and learn 
how Johnston can solve your 
industrial pumping problems. 


C) Have Representative Call 








as Zone____ State. 





To obtain more information on products advertised see Page E-43 





New Equipment 
(44) POWER ENGINES 


Worthington Corporation has ap. 





| nounced a new line of power engines, The 





new engines, known as the SW 14 line 
are a high pressure turbo-supercharged 
four cycle design, rated from 1360 to 
5V00 hp at 450 rpm. Largest of the new 
line is a 16-cylinder V-engine said to de. 
velop twice as much power as present die- 
sels of the same weight and dimensions, 
Circle number (44) on reply card, 


(45) LOADBINDER 

Texas Foundries has announced a new 
series of E-Z PULL loadbinders featuring 
a patented cam action. Pull-down to lock 
position is so easy that cheater bars are 
usually unnecessary, and dangerous handle 
snap-down is eliminated. Cam action elimi- 





nates slack-off when handle is pulled down 
and locked. Patented design also permits 
use Of loadbinder around curves or square 
corners without slack-off. Safety features 
include elimination of dangerous kick- 
back when handle is released. Available 
in 12 different models. 
Circle number (45) on reply card. 


(46) BRONZE VALVE 


A bronze globe valve, the LQ600, has 
been introduced by The Lunkenheimer 
Company. In the past four years leading 
companies have cooperated in tests by 
installing LQ600 valves on their most 
difficult “problem installations.” During 
the testing program, the LQ600 valve is 
said to have never failed or leaked—even 
in installations where other valves had 
been replaced regularly from month to 
month. 


Circle number (46) on reply card. 


(47) AIR-COMPRESSOR 


Schramm, Inc., is offering a self-pro- 
pelled air compressor known as the Stand- 
ard Pneumatractor. Schramm has used 
the same 125 cfm _ engine-compressor 


| power plant as used in the heavy Pneuma- 


tractor, and in the 125 cfm Pneuma- 
power portable compressor in_ building 
the self-propelled tractor unit. 

Circle number (47) on reply card. 


(48) ELECTRIC PLANTS 

A line of small engine-driven generat- 
ing plants ranging in size from 500 to 
2500 watts has been announced by D. W. 
Onan & Sons Inc. Entirely Onon-built, 
these new air-cooled, gasoline-operated 


| electric plants are designed to provide 


greater output at less weight and for 
lower cost. The heavy-duty, 4-cycle en- 
gine was designed specifically for long- 
life generating plant service. 

Circle number (48) on reply card. 


(49) ROTARY 600 PORTABLE 

A rotary portable air compressor, which 
is said to combine the basic rotary ad- 
vantages with the advantages of water 
cooling, has been announced by Gard- 
ner-Denver Company. The compressor 
has a capacity of 600 cu ft per min., and 
is considered especially suitable for alr 
drilling with rotary drilling rigs. 

Circle number (49) on reply card. 
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@ Brochures 
@ Bulletins 
@ Catalogs 


(50) ALUMINUM 


The process industry applications of 
aluminum for producing everything from 
beer to bomb shells are analyzed in a new 
80-page book by Aluminum Company of 
America. 

“Process Industries Applications of 
Alcoa Aluminum” describes process appli- 
cations of aluminum by industry and 
product, gives a comprehensive directory 
of performance of aluminum with various 
chemicals, and offers tips on designing 
aluminum processing equipment. 


Circle number (50) on reply card. 


(51) GENERAL CATALOG 


Dowell has issued a 24-page general 
catalog in 2 colors presenting its entire 
products and service line. The booklet is 
fully illustrated and contains a section on 
research as it relates to development of 
scientific methods. 


Circle number (51) on reply card. 


(52) POWER UNITS 


Climax Engine & Pump Manufacturing 
Company has issued a 12-page bulletin, 
No. SA-611, on Climax Blue Streak spe- 
cial power units for gas compressors. 

The bulletin gives detailed information 
on Climax models K-67, K-75, V-80, 
V-85, V-122, and V-125. 

Circle number (52) on reply card. 


(53) FIRE SUITS 


Two articles of apparel for fire fighters 
are described in a bulletin just published 
by Mine Safety Appliances Company. 
_The MSA Approach Type Fire Protec- 
tion Suit is made of a fiber glass fabric 
specially woven for additional tear- 
streneth and abrasion-resistance. Hood is 
a Separate unit for face, head, shoulders. 


Circle number (53) on reply card. 


(54) ELECTRIC UNITS 


Latest issue of Power Points Digest, 
company publication of D. W. Onan & 
Sons, Inc., is devoted to application of 
Onan Marine electric plants and genera- 
tors. 


Circle number (54) on reply card. 


(55) AUDIO AMPLIFIER 


Bulletin describing type FG-5- or 10-kw 
variable frequency audio amplifier is re- 
leased by Westinghouse Electric Corpora- 
tion. Applications of the amplifier are 
Suggested. Design and construction fea- 
tures are discussed, and operation is de- 
scribed. , ; 


Circle number (55) on reply card. 


(56) LIMA EQUIPMENT 


Baldwin-Lima-Hamilton Corporation, 
Construction Equipment divison, an- 
nounces revised descriptive bulletins cov- 
ering the LIMA Type 34 and 44 power 
Shovels, cranes, draglines and pull shovels 
on crawler and wheel mounts. 


Circle number (56) on reply card. 


Literature 





For more information on items described 
here in brief, use the handy reply card 
and circle the corresponding numbers 


(57) MOTORPUMPS 


Motorpump Bulletin, Form 7093-E, has 
been released by Ingersoll-Rand. It covers 
company’s line of close-coupled Motor- 
pumps from 4 to 75 hp for delivery of 
5 to 2800 gal per min. 

The bulletin is designed to make easy 
selection of correct size and model. A 
visual and concise index shows basic 
classifications of pumps. 


Circle number (57) on reply card. 


(58) FORGINGS 


Ladish brochure demonstrates how de- 
signers can utilize advantages of closed- 
impression drop forgings for intricately 
shaped parts as large as 10,000 Ib to pro- 
vide maximum dynamic strength and 
toughness, reduce dead weight, cut ma- 
chining time and costs and improve prod- 
uct design for safety and dependability. 


Circle number (58) on reply card. 


(59) DIESEL ENGINE 


Ingersoll-Rand, announces a new 20- 
page bulletin describing its “S” and “SS” 
heavy duty diesel engines in sizes from 
375 to 1000 hp. Bulletin provides infor- 
mation about lubrication, cooling and fuel 
injection systems of the engines and fur- 
nishes details about housing design, full 
floating aluminum bearings, large diam- 
eter crankshaft, gear driven auxiliaries 
and other features. 


Circle number (59) on reply card. 


(60) SYNTHETIC AMMONIA 


How high yields, low operating costs, 
and flexibility of plant design can be ob- 
tained in the production of synthetic am- 
monia is the subject of a new 12-page 
booklet published by Chemical Process 
division of The M. W. Kellogg Company. 
It describes the four basic plant types 
offered for generation of synthesis gas 
tailored to suit local conditions and types 
of feed materials. 


Circle number (60) on reply card. 


(61) FILTRATION 


Fundamentals of Filtration are de- 
scribed in a new bulletin by Engine Life 
Products Corporation. The attractive 8- 
pager covers gasoline, diesel fuel, butane 
and propane, natural gas, crude oil and 
residuals. 


Circle number (61) on reply card. 


(62) SPEED CONTROL 


“Automation Through Varitrol Con- 
trol,” is the subject of a new full-color 8- 
page booklet by U. S. Electrical Motors 
Inc. Book illustrates how an improved 
pneumatic control, Varitrol, has been de- 
signed into U. S. Varidrive Motors to in- 
crease and/or improve output of a cus- 
tomer’s product, reduce waste, save time 
and man power. 


Circle number (62) on reply card. 
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(63) FILTERS 


The Hilliard Corporation describes its 
portable line of HILCO Hyflow Oil Fil- 
ters in four-page-buletin 316. Bulletin 
discusses oil maintenance ability of 
HILCO Hyfliow Oil Filters and lists uses. 


Circle number (63) on reply card. 


(64) OIL’S VITAL ROLE 


An article, “Straight Down to Modern 
Times” is featured in the latest issue of 
Production Road magazine released by 
Twin Disc Clutch Company. Article de- 
scribes the vital part oil plays in every 
industry and in every phase of industry 

Circle number (64) on reply card. 


(65) PUMPING CONTROL 


An improved oil well pumping contro! 
which incorporates all field-tested fea- 
tures has been announced by Cutler- 
Hammer, Inc. Features incorporate pro- 
visions for changing restarting character- 
istics in the field. 

Circle number (65) on reply card. 


(66) DIAMOND PRODUCTS 


Industrial Diamond Products Company 
has issued a new catalog, “Diamonds for 
Industrial Applications,” describing its 
complete line of equipment, together with 
illustrations, drawings and tables. Booklet 
also covers company’s diamond abrasive 
products. 

Circle number (66) on reply card. 


(67) PLUG VALVES 


Its line of newly-designed lubricated 
plug valves are described by Ohio Injec 
tor Company in a bulletin just off the 
press. Information includes specifications 
service recommendations and functions of 
the new plug valves. 


Circle number (67) on reply card. 


(68) ROD LUBRICATOR 


A four-page brochure by Drovil Com- 
pany describes its polished rod lubricator, 
tells how to install it, and offers a price 
list and specifications. 


Circle number (68) on reply card. 


(69) HYDRAULIC DRIVES 


An 8-page 2-color brochure by Berry 
division, Oliver Iron and Steel Corpora 
tion, is called, “Berry Hydraulic Drives 
for Aerial Cooler Fans,” and lists advan- 
tages, circuit diagrams, design and con 
struction features and versatility of the 
product. 


Circle number (69) on reply card 


(70) TRACTOR LOADERS 


A booklet describing the Sherman front 
end loader for Fordson major diese! trac 
tors is offered by Sherman Products. Two 
models are described and illustrated. 


Circle number (70) on reply card 





E-49 








FOR QUALITY ” Kewoce 


Manufacturers of Wire Transmission 


Equipment and Component Parts 
Since 1897 


Wire Transmission Equipment 


- Z-11 Series Negative Impedance Repeater 
. Hybrid Type Repeater 
- Termination Equipment for Microwave Stations 


Components 


- Telephone Type Relays 
- Ten Count Mono Relays 
Telephones 
Toroid Coils 
- Lever Switches 


Kewoc = 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 


A Division of International Telephone & Telegraph Corp. 
Sales Offices: 79 West Monroe Street, Chicago 3, Illinois 


Dept. 67-C 

















50% heavier line 


For longer service 


JUEKIN" ATLAS” 


CHROME CLAD 
OIL GAGING STEEL TAPE 


Extra-Duty Line — 50% heavier than standard. 


Chrome Clad non-glare, durable finish is corrosion 
resistant — will not crack, chip, peel. 






Jet Black Markings stand out against chrome 
white background. 

Also available in black finish with Bright Markings 
for use in light oils. 

“Instantaneous” Reading. Graduations extend to 
edge of line. 

Long Extra-Leverage Handle with ‘‘line locking" 
feature. 





Case-hardened Frame for longer wear. 


Solid Brass 20-ounce Plumb Bob penetrates 
heavy oils. 


Proved in actual use under all gaging conditions. 


BUY /UFKIN 


TAPES * RULES + PRECISION TOOLS 
FROM YOUR SUPPLY HOUSE 


THE LUFKIN RULE CO. — SAGINAW, MICH. * NEW YORK CITY * BARRIE, ONT. 





To obtain more information on products advertised see Page E-43 


Trade Literature 


(71) PLASTICS 


Atlas Mineral Products Company has 
released an 8-page bulletin on rigid plastic 
fabrications and pipe. Bulletin outlines 
use of Type 1 polyvinyl chloride in the 
fabrication of exhaust systems, process 
equipment, and processing tanks. Resist. 
ance characteristics and physical proper. 
ties of the plastic are included in the 
section. 

Circle number (71) on reply card. 





(72) COMPOSITE CATALOG 


Minneapolis Honeywell Regulatory 
Company has issued Catalog 5002, a com- 
posite catalog which briefly and concisely 
describes Honeywell industrial _ instry. 
ments and equipment, including the latest 
developments. 


Circle number (72) on reply card. 


(73) NEW MOTOR 


U. S. Electrical Motors, Inc., has issued 
a multi-color 12-page booklet illustrating 
features of its Type H Uniclosed motor, 
Cut-open views of the motor, illustrating 
its various constructional features, are 
shown. The Type H is more compact than 
previous models, and an outstanding fea- 
ture is its new fully protected design. 

Circle number (73) on reply card. 


(74) COOLING TOWER WOOD 


“Cooling Tower Wood Can Be Pro- 
tected” is the subject of Technical Paper 
No. 130, prepared by W. H. & L. D. 
Betz. 

Deterioration of cooling tower wood 
has been a problem of increasing impor- 
tance in industry in the last few years 
and this paper discusses how chemical 
and bacteriological attack can be con- 
trolled by acid treatment and wood pre- 
servatives to kill fungi. 

Circle number (74) on reply card. 


(75) MOTOR BUYING 

A new 28-page catalog of buying infor- 
mation on a-c motors is available from 
the General Electric Company. 

Designated GEC-1026, the bulletin pre- 
sents complete buying information on 
standard a-c fractional and integral horse- 
power motors in most general use. In- 
cluded are general-and definite-purpose 
fractional horsepower motors, and fhp 
gear motors. 

Circle number (75) on reply card. 


(76) SEALTIGHT COVERING 


W. R. Meadows, Inc., announces a 
brochure covering its Sealtight Shield—a 
sturdy, flexible asphalt mastic board 
manufactured in job specified sizes. Seal- 
tight Pipe Shield is scored every inch and 
company says is easily formed and 
strapped to pipe. 

Circle number (76) on reply card. 


(77) ELECTRONIC COMPUTER 


A high performance, moderately priced 
electronic computer that is capable of 
solving lengthy and complex problems 1s 
now in production at the Bendix Com- 
puter division, Bendix Aviation Corpora- 
tion. 

Computer incorporates an improved 
two-address command structure providing 
for addition, subtraction, multiplication 
and divison as well as branching and other 
logical operations. 

Circle number (77) on reply card. 
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(78) VERTICAL MOTORS 


Construction features of Allis-Chalmers 
open-type vertical hollow shaft motors for 
outdoor service in ratings from 2-to-125 
hp are described in a new bulletin released 
by the company. ; 

Features of the motor include thrust 
bearing at the top for easy maintenance, 
a ventilation and cooling system of gen- 
erous capacity, enclosed couplings and 
bearings, easily accessible parts, bearing 
housing designed for protection against 
deterioration during long periods of idle- 
ness in all kinds of weather, and a double 
insulated stator. 


Circle number (78) on reply card. 


(79) GRATING CATALOG 


Bulletin No. 2486, a grating catalog, de- 
scribes the types, sizes and load character- 
istics of complete line of electroforged 
steel and interlocked aluminum grating 
manfactured by the Blaw-Knox Company. 


Circle number (79) on reply card. 


(80) BEARINGS 


Bulletin SF-82, published by Roller 
Bearing Company of America, describes 
its sealed pitchlign bearing. This is an out- 
growth of the widely accepted pitchlign 
roller bearing. Outstanding characteristics 
of this bearing are described. 


Circle number (80) on reply card. 


(81) PLANT DESIGN 


Economy in land, construction and ma- 
terial costs of a petroleum refinery, and 
how the complex elements of a refinery 
can be reduced to a simplified system, 
is the subject of the current issue of 
“Kellogram,” published for the petroleum 
and chemical industries by The M. W. 
Kellogg’s “In-line” system of plant design. 


Circle number (81) on reply card. 


(82) COAX 


“How to Use the World’s Smallest, 
Lightest Coax” is the subject of a new 
four-page illustrated folder titled “This is 
Microdot” now available from _ the 
Microdot. 


Circle number (82) on reply card. 


(83) TEMPERATURE CONTROL 


“Temperature Control Systems,” on ap- 
plication of automatic control to industrial 
process applications is available from Bar- 
ber-Coleman Company. 

One section is designed to aid in selec- 
tion of sensing elements and their correct 
use for the most satisfactory results. 


Circle number (83) on reply card. 


(84) FASTENINGS 


Ingersoll-Rand has issued “Impactools” 
devoted to running nuts, bolts, cap screws, 
and other types of fasteners. Case histories 
substantiate company claims that its light- 
weight Air Impactools are the answer to 
reducing fastening costs. 


Circle number (84) on reply card. 


(85) CENTRIFUGAL PUMPS 


B. F. Goodrich Chemical Company’s 
four-page article reprint describes installa- 
tion of sealless Chempump centrifugal 
pumps at Avon Lake Experimental Station 
of B. F. Goodrich Chemical Company. 
Operating histories, installation details, 
and specific operating advantages of 
Pumps are given. 

Circle number (85) on reply card. 
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Trade Literature 


(86) HYSTAWAY CRANE 


A 20-page brochure describing the Hys- 
ter Hystaway excavator-crane mounted 
on new or used Caterpillar D6, D7, or D8 
track-type tractors is available. The well 
illustrated booklet explains on-the-job ad- 
vantages of the Caterpillar-built tractor 
with dozer blade and Hystaway which can 
be quickly converted to either shovel, 
backhoe, dragline, crane, clamshell, or 
pile driver. 


Circle number (86) on reply card. 


(87) VERTICAL SEPARATORS 


Black, Sivalls & Bryson, Inc., has an- 
nounced publication of a 24-page catalog 
30-01 on vertical separators, equipment 
designed to separate free gas and solu- 
tion gas from the crude oil stream at the 
wellhead. In addition to perspective, cuta- 
way, and dimensional drawings for low. 
intermediate, and high pressure sizes, the 
catalog features a section, “Sizing BS&B 
Vertical Separators.” 


Circle number (87) on reply card. 


(88) PILOT PLANT 


Patterson-Kelley Co., Inc.,East Strouds- 
burg, Pennsylvania, is offering a new 
product data sheet on its 5-gallon dis- 
stillation pilot plant. Consisting of a re- 
actor, agitator, condenser, and decanter, 
this standard unit can be used to study 
hundreds of chemical processing opera- 
tions. 


Circle number (88) on reply card. 


(89) CHEMICAL FLOCCULATION 


Proportioneers, Inc., division of B-I-F 
Industries, Inc., has reprinted an article on 
“Chemical Flocculation of Refinery 
Waste” in the form of an applications 
manual on petroleum refining. 


Circle number (89) on reply card. 





(90) DETECTING INSTRUMENTS 


An operating manual for pipe detecting 
instruments has been printed by the Detec- 
tron Corporation. Although written chiefly 
for the Detectron Model 505, the manual 
contains operating hints and other infor- 
mation useful with any make of pipe 
detector. 


Circle number (90) on reply card. 


(91) THERMOSTATS 


General Controls Company has graphic- 
ally presented information on room ther- 
mostats in a six-page brochure designed 
to aid architects, builders, and appliance 
manufacturers. 


Circle number (91) on reply card. 


(92) STEAM TURBINES 


The Steam Turbine division of Worth- 
ington Corporation has issued a new bul- 
letin on single-stage steam turbines with 
steel casing construction. A cutaway view 
of a typical unit is shown, pointing out the 
standard features. 


Circle number (92) on reply card. 


(93) CHEMICAL FEEDERS 


Proportioneers, Inc., division of B-I-F 
Industries, Inc., Providence, R. I., has 
issued a bulletin on “The Chlor-O-Mite — 
Low Capacitv Chemical Feeders, Models 
E and H.” This two-page color bulletin 
shows the feeders and typical arrange- 
ments for constant rate, intermittent, flow- 
proportional and hydraulic pulse feeding. 


Circle number (93) on reply card. 
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- Here are Discs 
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dense, light and 
resistant to the 
corrosive action 
of many chemi- 
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More Than A Repellent 


SAFE! FAST! Keeps away 
Chiggers, Ticks, Mos- 
quitoes, Flies. A few sec- 
ond spray protects you 


M3) all day! 
12 Oz. Bombs 





De you know that biting ticks trans- 
mit to humans twice the number of 
tularemia cases than handling or 
skinning of rabbits. 


Distributed by 
MINE SAFETY APPLIANCES CO. 
201 North Braddock Avenue 
Pittsburgh 8, Pa. 
76 Branch Offices in the United States 
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NATIONAL Gas Scrubbers, main line 
gas booster station, Batesville Miss. 


NATIONAL Gas Scrubbers, main line 
gas booster station, Monroe, La. 














NATIONAL Gas Scrubbers, main line gas booster station, Banquitte, Texas 


NATIONAL WET-TYPE SCRUBBERS 


54” O.D. x 20’ — 750 PSI MAX. WP. 
90 MM CU. FT./DAY. 12” INLETS AND OUTLETS 


The service required of Wet-Type Scrubbers! Pipe line 
dust and other foreign materials are removed ahead 
of compressors at each pressure boosting station. This 
is done best by passing the gas through a special oil 
bath in a National Wet-Type Scrubber, then removing 
the liquid particles from the gas stream when passing 


NATIONAL 


TULSA, 


through the National Gas Scrubbing element in the 
top part of the Scrubber. 

National Vertical and Horizontal Gas Scrubbers are 
available in a wide range of sizes, working pressures 
and capacities to fit the needs of gas producers and 
carriers. 
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OKLAHOMA 




















